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[bookmark: _Toc511230570][bookmark: _Toc511230710]Introduction
This document provides a summary of the issues, proposals, and suggested solutions for AI 7.1.10.2 related to UE and gNB measurements for NR Positioning for this meeting. 

The following objective is defined in NR Positioning WI [1], 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

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

Given that the DL PRS and UL PRS for NR positioning are still under discussion, we would suggest starting with the definition of the UE and gNB measurements in this AI in this meeting.

Please note of the following:

· The YELLOW highlights are proposals and issues that require further discussion
· The BLUE highlights are suggested offline agreements/conclusions based on offline comments or discussion;
· [bookmark: _Toc511230578][bookmark: _Toc511230715]The GREYed sections are issues that have been discussed/resolved no further discussion is expected during this meeting.
UE measurements for NR positioning
UE RSTD measurements for NR positioning
Submitted Proposals
	Company
	Proposals 

	Huawei, HiSilicon
R1-1904005

	Proposal 1: Support RSTD measurements based on:
· All E-UTRAN nodes
· All NR nodes
· Mixed E-UTRAN and NR nodes
	The relative timing difference between the neighbouring cell j and the reference cell 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 intra-frequency RSTD measurements, if the measurement gap is not configured, UE is not expected to measure the PRS resource(s) outside of the active downlink bandwidth part.

For NR frequency range 1 or E-UTRA, the reference point for the RSTD shall be the antenna connector of the UE. For NR frequency range 2, RSTD shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.

	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency
RRC_CONNECTED inter-RAT 




	ZTE, Sanechips
R1-1904034
	
Proposal 1: UE should support measurement of PRS reference signal power per branch and RSTD for NG-RAN. 

	The relative timing difference between the ng-RAN neighbour cell j and the NG-RAN reference cell i, defined as TSubframeRxj – TSubframeRxi －Tbeamoffset,where: TSubframeRxj is the time when the UE receives the start of one subframe from ng-RAN cell j TSubframeRxi is the time when the UE receives the corresponding start of one subframe from NG-RAN cell i that is closest in time to the subframe received from NG-RAN cell j. The reference point for the observed subframe time difference shall be the antenna connector of the UE.Tbeamoffset is the transmitting time offset between different detected beams.

	RRC_CONNECTED inter-RAT




	
vivo
R1-1904108
	Proposal 1: Support UE measurements report based on one or more beams from each positioning cell.
· A reference beam should be defined for relative time difference support.
Proposal 4: Support reusing measurements like ‘additional path’ for NR DL-TDOA based positioning.
Proposal 6: Support reporting RSTD and RSRP measurements simultaneously for a certain beam. 
Proposal 7: For E-CID positioning, support UE measurements report based on one or more beams from each positioning cell.


	
LGE
R1-1904201

	Proposal 1: 
· RSTD for NR positioning should be defined considering the different ToA measurement according to the different PRS transmission beam of a gNB/TP unless a specific PRS resource(s) is indicated to compute ToA/RSTD.
	The relative timing difference between the neighbour cell j with PRS resource j’ and the reference cell i with PRS resource i’, defined as TSubframeRxj_j’ – TSubframeRxi_i’, where TSubframeRxj_j’ is the time when the UE receives the start of one subframe through PRS resource j’ transmitted from cell j, and TSubframeRxi is the time when the UE receives the corresponding start of one subframe through PRS resource i’ transmitted from cell i that is closest in time to the subframe received from cell j.

The reference point for the observed subframe time difference shall be the antenna connector of the UE.

If the UE is configured with multiple PRS resources transmitted from cell j, the propagation time (or ToA/ToF) corresponding to the PRS resource j’ is the minimum among the PRS resources transmitted from the cell j.





	Samsung
R1-1904395
	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.

	BUPT
R1-1904682
	Proposal 1: NR should consider define the RSTD that contains more cells.
Proposal 2: NR should consider the definition of RSTD as a matrix which contains all the time difference between the cells that current UE observes.

	Qualcomm 

R1-1905034
	Proposal 1: Define the DL RSTD for NR Rel-16 as follows:
	The relative timing difference between the neighbour cell j and the reference cell 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 observed subframe time difference shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.

	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency
FFS: RRC_IDLE intra-frequency
FFS: RRC_IDLE inter-frequency
FFS: RRC_INACTIVE intra-frequency
FFS: RRC_INACTIVE inter-frequency




	Nokia, Nokia Shanghai Bell
R1-1905263
	Proposal 3: Adopt the following definition of RSTD in NR: 
	The relative timing difference between the neighbor cell j reference signal sent with resource ID k and the reference cell i reference signal sent with resource ID l, defined as TRxjk – TRxil, where: TRxjk is the time when the UE receives the start of one slot from cell j sent with resource ID k and TRxil is the time when the UE receives the corresponding start of one slot from cell i sent with resource ID l. The reference point for the observed slot time difference shall be the antenna connector of the UE. 

	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency





	CATT
R1-1905348
	Proposal 8: NR RSTD can be defined in a similar way as LTE RSTD as follows:
“The relative timing difference between the neighbor cell j and the reference cell i, defined as TRxj – TRxi, where: TRxj is the time when the UE receives the start of one frame from cell j TRxi is the time when the UE receives the corresponding start of one frame from cell i that is closest in time to the frame received from cell j. 
FFS: DL positioning reference signals for the RSRP measurements for NR positioning
Proposal 11: For FR2, the receiving time of a frame (or a slot) for the determination of the DL RS-RSTD for a cell should be determined with the combined signal from antenna elements corresponding to a given receiver branch. 
Proposal 12: 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 the earliest receiving time observed among the individual receiver branches.
Proposal 20: All UE measurements for NR positioning, including PRS-RSRP, DL RSTD, UE Rx-Tx time difference measurements, should be applicable for the RRC_CONNECTED inter-frequency.

	
	





Company’s views
	Company
	Comments 

	MTK
	1, For RSTD reporting, if we don’t restrict the pair of cells for measurement either in FR1 or in FR2, which means the mixed FR1 and FR2 are applied. As such, the wording may be changed like,
 “For the measured cell belonging to FR1 for RSTD reporting, the reference point for TOA shall be the antenna connector of the UE. For the measured cell belonging to FR2 for RSTD reporting, the measured TOA shall be based on the combined signal from antenna elements corresponding to a given receiver branch” 

	CATT
	For FR2, it seems we are missing the definition of the reference point for timing measurements at this moment. Further discussion is needed. We may also need to get the input from RAN4.



Proposals
· Define NR RSTD as follows: 
The received relative timing difference between the neighbor cell j and the reference cell i, defined as TRxj – TRxi, where: TRxj is the time when the UE receives the start of [x] from cell j; TRxi is the time when the UE receives the corresponding start of [x] from cell i that is closest in time to the frame received from cell j.
· FFS: x = one frame, or one subframe, or one slot

· For FR1, the reference point of the TRx, i.e., the time when the UE receives the start of [x] from either a reference or a neighbor cell, shall be the antenna connector of the UE;

· For FR2, the TRx, i.e., the time when the UE receives the start of [x] from either a reference or a neighbor cell shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. The reference point of the TRx is FFS.

Proposals
· For frequency range 1 and 2, if receiver diversity is in use by the UE, the TOA (i.e., TRx) of each cell, which is used to determine the reported RSTD value, shall be the first TOA among the TOAs obtained from the individual receiver branches for that cell;
 
Proposals
· NR RSTD measurements are applicable for
· RRC_CONNECTED intra-frequency
· RRC_CONNECTED inter-frequency

Issues for further discussion
· Whether to support RSTD measurements with mixed E-UTRAN and NR nodes

· When UE measures the TOA of a cell from different DL beams (DL PRS resources or resource sets) from the cell, 
· how the TOA of the cell is determined, e.g., the first TOA among the TOAs obtained from the individual DL beams;
· should we introduce the beam specific RSTD definition
· should we consider beam timing offset in the RSTD definition

· Whether RSTD measurements are applicable for
· RRC_IDLE intra-frequency
· RRC_IDLE inter-frequency
· RRC_INACTIVE intra-frequency
· RRC_INACTIVE inter-frequency
· RRC_CONNECTED inter-RAT
NR DL RSRP measurements for NR positioning
Submitted Proposals
	Company
	Proposals

	Huawei, HiSilicon
R1-1904005
	
	PRS reference signal received power (PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port(s) that carry positioning reference signals configured for RSRP measurements within the considered measurement frequency bandwidth in the configured PRS occasions.

For PRS-RSRP determination PRS transmitted on antenna port FFS according to 3GPP TS 38.211 [4] shall be used. 

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

For frequency range 1, the reference point for the PRS-RSRP shall be the antenna connector of the UE. For frequency range 2, PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.

	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency




	ZTE Corporation, Sanechips
R1-1904034
	Proposal 1: UE should support measurement of PRS reference signal power per branch and RSTD for NG-RAN

	PRS reference signal received power per branch (PRS-RSRPB) is defined as the linear average over the power contributions of the resource elements that carry positioning reference signal(PRS) within one or more symbols. The measurement time resource(s) for PRS-RSRPB are confined within the search window configured by high layer.

PRS-RSRPB shall be measured only among the reference signals corresponding to PRS blocks with the same PRS block index and the same PRS-ID. 

If higher-layers indicate certain PRS blocks for performing PRS-RSRPB measurements, then PRS-RSRPB is measured only from the indicated set of PRS block(s).

For both frequency 1 and frequency range 2, PRS-RSRPB shall be measured for each receiver branch based on the combined signal from antenna elements corresponding to the receiver branch.

	RRC_CONNECTED intra-frequency




	vivo
R1-1904108
	Proposal 5: UE should report RSRP measurements from multiple TX beams of a certain cell.
Proposal 6: Support reporting RSTD and RSRP measurements simultaneously for a certain beam. 
Proposal 7: For E-CID positioning, support UE measurements report based on one or more beams from each positioning cell.

	Sony
R1-1904259
	Proposal 1: Within a configured PRS resources (e.g. slot/subframe), a UE can expect multiple beams and/or multiple gNBs transmit PRSs simultaneously.
Proposal 2: The UE performs measurement (e.g. RSTD, RSRP) based on the received PRS and able to determine the beam information (e.g. beam index) of the associated PRS resources.
Proposal 3: The UE reports the measurement (e.g. RSTD, RSRP) and the associated beam information (i.e. implicit information of PRS angle-of departure (AoD)).


	Intel

	Proposal 5:
· DL-AoD is measured based on the following criteria
· DL PRS Resource ID with max of DL PRS RSRP value
· DL PRS Resource ID with max of DL PRS RSRPFAP value


	Samsung
R1-1904395
	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.


	MediaTek Inc.
R1-1904501
	Proposal 1: For high resolution DL-AoD based positioning, an UE may select a portion of all measured TPs (cells) and report RSRP measurement results only for the selected TPs. A method for UE to select TPs is given as follows:  
· The network configures the UE to report RSRPs measured from k TPs
· The UE selects k TPs such that the maximum RSRPs measured from these k TPs are larger than that measured from the other TPs 
The detailed specification is FFS.
Proposal 2: For high resolution DL-AoD based positioning, an UE may select a portion of beams measured from a TP and only report RSRP measured from the selected beams. A method for UE to select beams is given as follows:  
· The network configures the UE to report RSRPs measured from k beams of a TP
· For the TP, the UE selects k beams such that the maximum RSRPs measured from these k beams are larger than that measured from the other beams 
The detailed specification is FFS.
Proposal 3: For high resolution DL-AoD based positioning, an UE may report RSRP ratios or differential RSRPs derived from measured beams of a TP. A method for UE to report RSRP ratios or differential RSRPs is given as follows:
· Suppose  is the RSRP measured from beam k, k = 1,2,…,N
· Suppose  is a maximum RSRP, i.e.,    for k = 1,2,…,N
· Then UE reports the beam index m, but UE does not report 
· For each of the N beams (excluding m), say it is beam j, UE reports j and  to the network, where  or 
The detailed specification are FFS.


	Qualcomm Incorporated
R1-1905034
	Proposal 5: Use the NR Rel-15 “CSI-RSRP” definition as a starting point for the NR Rel-16 “PRS-RSRP”, that is:
	PRS reference signal received power (PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port(s) that carry PRS reference signals within the considered measurement frequency bandwidth in the configured PRS occasions.

FFS: Details on port(s) used for PRS-RSRP measurement. 

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

	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency


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

	Nokia, Nokia Shanghai Bell
R1-1905263
	Proposal 1: Adopt the following definition for PRS-RSRP

	PRS reference signal received power (PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port(s) that carry PRS configured for RSRP measurements within the considered measurement frequency bandwidth in the configured PRS occasions.

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

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

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

	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency





	CATT
R1-1905348
	Proposal 1: DL PRS-RSRP for NR positioning should be defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port(s) that carry the DL positioning reference signals for the RSRP measurements.
· FFS: DL positioning reference signals for the RSRP measurements for NR positioning
Proposal 2: The number of the antenna ports for DL PRS-RSRP measurements needs to be further discussed if DL PRS can be trasnmitted with 2 antenna ports.
Proposal 3: DL PRS-RSRP measurement bandwidths should be independently configurable within the transmission bandwidth of the DL PRS;
Proposal 4: For FR1, the reference point for all positioning measurements, including DL PRS-RSRP, DL RSTD, UE Rx-Tx time differences, should be at the antenna connector of the UE.
Proposal 5: For FR2, DL PRS-RSRP for a receiver branch should be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
Proposal 6: If receiver diversity is in use by the UE, it should be discussed how the reported PRS-RSRP value be the obtained from the combination of the individual receiver branches, e.g., the averaged one or the maximum one.
Proposal 7: DL PRS RSRP measurement reporting should be associated with DL PRS index and the cell ID.





Comments
	Company
	Comments 

	
	



Proposals
· Define NR DL PRS-RSRP as follows: 
DL PRS reference signal received power (PRS-RSRP)  is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port(s) that carry the DL PRS configured for RSRP measurements within the considered measurement frequency bandwidth in the configured DL PRS occasions.
· FFS: the definition of DL PRS occasions
· FFS: the port(s) used for PRS-RSRP measurement

· For FR1, the reference point of the NR DL PRS-RSRP shall be the antenna connector of the UE;

· For FR2, the NR DL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.

Proposals
· 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.

Proposals
· NR DL PRS-RSRP  measurements are applicable for
· RRC_CONNECTED intra-frequency
· FFS: RRC_CONNECTED inter-frequency

UE Rx-Tx time difference measurements for NR positioning
Submitted Proposals
	Company
	Proposals

	Huawei, HiSilicon
R1-1904005
	
Alt. 1 UE Tx timing based on a neighbouring cell

	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE receive timing of downlink radio frame #i from a cell, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink radio frame #i from the cell that TUE-RX is measured.

For frequency range 1, the reference point for TUE-RX shall be the Rx antenna connector of the UE. For frequency range 2, TUE-RX shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 

For frequency range 1, the reference point for TUE-TX shall be the Tx antenna connector of the UE. For frequency range 2, TUE-TX shall be measured based on the combined signal from antenna elements corresponding to a given transmitter branch.

	RRC_CONNECTED intra-frequency



Alt. 2 UE Tx timing based on the serving cell

	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE receive timing of downlink radio frame #j from a cell, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink radio frame #i of the serving cell that is closest in time to the downlink radio frame #j of the cell for which TUE-RX is calculated.

For frequency range 1, the reference point for TUE-RX shall be the Rx antenna connector of the UE. For frequency range 2, TUE-RX shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 

For frequency range 1, the reference point for TUE-TX shall be the Tx antenna connector of the UE. For frequency range 2, TUE-TX shall be measured based on the combined signal from antenna elements corresponding to a given transmitter branch.

	RRC_CONNECTED intra-frequency




Proposal 3: Limit the UE Tx timing to the serving cell(s) in Rel-16.
Proposal 4: Support the measurement quality for the following measurements:
· UE measurement quality
· RSTD quality
· UE Rx – Tx time difference quality
· gNB measurement quality
· UL-RTOA quality
· gNB Rx – Tx time difference quality
· AoA/ZoA quality

	vivo
R1-1904108
	Proposal 7: For E-CID positioning, support UE measurements report based on one or more beams from each positioning cell.

	LG Electronics
R1-1904201
	Proposal 2: 
· UE RX-TX time difference measurement for NR positioning should be defined considering the different ToA measurement according to the different PRS transmission beam of a gNB/TP unless a specific PRS resource(s) is indicated to compute ToA/RSTD.


	Sony
R1-1904259
	Proposal 1: Within a configured PRS resources (e.g. slot/subframe), a UE can expect multiple beams and/or multiple gNBs transmit PRSs simultaneously.
Proposal 2: The UE performs measurement (e.g. RSTD, RSRP) based on the received PRS and able to determine the beam information (e.g. beam index) of the associated PRS resources.
Proposal 3: The UE reports the measurement (e.g. RSTD, RSRP) and the associated beam information (i.e. implicit information of PRS angle-of departure (AoD)).

	Intel Corporation
R1-1904321
	For DL-TDOA and RTT support,
	DL PRS Reference Resource ID is provided by network using higher layer signaling (e.g. as a part of DL PRS Report configuration)
If DL PRS Reference Resource ID is not provided by network, it is selected by UE and indicated to network as a part of UE reporting
· In order to support RTT based positioning, two methods are supported by NR
· Method 1: Ranging with serving (or reference) cell/TRP for RTT estimation and RSTD measurements with respect to serving (or reference) cell/TRP
· This procedure assumes that network is either synchronized (i.e. transmit timing offset among TRPs/gNBs is zero) or TRP’s/gNB’s timing offsets with respect to serving(or reference) cell/TRP are indicated by network
· Method 2: Ranging with multiple cells/TRPs (including serving/reference and neighbor cells/TRPs)
· This procedure assumes that network measures gNB TX-RX time difference for UEs in serving and neighboring cells
· Measured gNB TX-RX time differences are reported to UEs or LMF


	Samsung
R1-1904395
	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.

	Qualcomm Incorporated
R1-1905034
	Proposal 2: Define the “UE Rx-Tx” for NR Rel-16 as follows:
	The UE Rx – Tx time difference is defined as TUE-RX,k – TUE-TX

Where:
TUE-RX,k is the UE received timing of downlink radio frame #i from cell k, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink radio frame in which it did receive the DL transmission used for TUE-RX,k estimation.

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 observed subframe time difference shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.

	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency



Proposal 1:	NR supports the following signaling related to “UE Rx-Tx” measurement:
· Time-stamp information during which each reported "UE Rx-Tx" is valid. 
· Study whether this will be the frame number (SFN), and/or slot index, and/or finer granularity in a frame of the serving cell. 
· Study further whether an association between the reported “UE Rx-Tx” measurement and the DL/UL PRS occasions are needed.
· 


	Nokia, Nokia Shanghai Bell
R1-1905263
	Proposal 2: Adopt the following definition for UE Rx-Tx Time Difference:
	The UE Rx – Tx time difference for cell j is defined as TUE-RXj – TUE-TX

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

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

	RRC_CONNECTED intra-frequency





	CATT
R1-1905348
	Proposal 14: The definition of LTE UE Rx – Tx time difference can be reused for NR UE Rx – Tx time difference.
Proposal 15: 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 DL PRS.
Proposal 20: All UE measurements for NR positioning, including PRS-RSRP, DL RSTD, UE Rx-Tx time difference measurements, should be applicable for the RRC_CONNECTED inter-frequency.




Comments
	Company
	Comments 

	HW/HiSilicon
	Without cell sync discussion, the definition of Rx – Tx time difference does not make any sense. Suggest to address the network sync first.

	CATT
	Agree that the assumption of the time alignment between the serving cell and the neighboring cell will have impact on the reporting range of the UE Rx – Tx time difference. From the definition point of view, we may still use the same radio frame #i for UE Rx – Tx time difference. It does not necessary mean the time offset can be half-radio frame.



Proposals
· The UE Rx – Tx time difference is defined as TUE-RX,k – TUE-TX,, where: TUE-RX,k is the UE received timing of downlink radio frame [x] #i from cell k, defined by the first detected path in time and TUE-TX is the UE transmit timing of uplink radio frame [x] #i.
· FFS: x = radio frame, or subframe
· FFS: the assumption of the time alignment of the same frame #i between the serving cell and the neighbouring cell for above definition.  The assumption of the time alignment between the serving cell and the neighbouring cell will have impact on the reporting range of the gNB Rx – Tx time difference. 

· For FR1, the reference point of TUE-RX,k shall be the antenna connector of the UE;

· For FR2, TUE-RX,k shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. The reference point of TUE-RX,k is FFS.

Proposals
· For frequency range 1 and 2, if receiver diversity is in use by the UE, the TUE-RX,k for cell k shall be the first detected path in time among all of the detected paths from the individual receiver branches

Proposals
· UE Rx – Tx time difference measurements are applicable for
· RRC_CONNECTED intra-frequency
· FFS: RRC_CONNECTED inter-frequency
Issues for further discussion
· Whether the support of UE Rx – Tx time difference measurements is limited to serving cell(s) in Rel-16.
 
Other UE measurements
Submitted Proposals
	Company
	Proposals 

	Fraunhofer IIS, Fraunhofer HHI
R1-1905485
	Proposal 1: Consider carrier phase measurements and signaling of their results for positioning as supplement to TOA measurements (RTOA in UL and RSTD in DL).
Proposal 2: The performance of different synchronization techniques and the impact on considered positioning methods including carrier phase assisted methods shall be further studied.



Comments
	Company
	Comments 

	
	



Issues for further discussion
· Whether to support carrier phase measurements and signalling of their results for positioning as supplement to TOA measurements (RTOA in UL and RSTD in DL).

gNB measurements for NR positioning
UL RTOA measurements for NR positioning
Submitted Proposals
Table 5 Submitted proposals related to UL RTOA measurements
	Company
	Proposals 

	Huawei, HiSilicon
R1-1904005
	Proposal 2: Support indication to the neighbouring cell of the SFN initialization time of the serving cell that configures SRS received by that neighbouring cell.
· Send an LS to RAN3
· 
	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received at a gNB j relative to the beginning of subframe i of the serving gNB derived in reference to its SFN initialization time. 

For frequency range 1, the reference point for the UL relative time of arrival shall be the RX antenna connector of the gNB j. For frequency range 2, UL-RTOA shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.




	Intel Corporation
R1-1904321
	· For NR positioning techniques based on UL timing estimation, the following measurements are supported for UL SRS (PRS) signals
· UL SRS(PRS) RTOA
· UL SRS(PRS) RSRP
· UL SRS(PRS) SINR
· UL SRS(PRS) RSRPFAP
· Can be replaced by K-Factor indication
· gNB Tx-Rx time difference

	Samsung
R1-1904395
	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.


	Qualcomm Incorporated
R1-1905034
	Proposal 6: Define the “UL RTOA” for NR Rel-16 as follows:
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in gNB j, relative to the configurable reference time. 

For frequency range 1, the reference point for the UL relative time of arrival shall be the antenna connector of the UE. For frequency range 2, the reference point for the UL relative time of arrival shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 


Note: The name of the Transmission Measurement Function (e.g., LMU, TRP, gNB, etc) is up to RAN3 discussions. 

	Nokia, Nokia Shanghai Bell
R1-1905263
	Proposal 6: Adopt the following definition of RTOA: 
	The Relative Time of Arrival (TRTOA) is the beginning of slot i containing SRS or PRS received at receiving node j, relative to a configurable reference time. The reference point for the relative time of arrival shall be the RX antenna connector of the receiving node when receiving node has a separate RX antenna or shares RX antenna with gNB and the gNB antenna connector when receiving node is integrated in gNB. 




	CATT
R1-1905348
	Proposal 22: The number of the antenna port(s) for gNB measurements for positoining (including UL PRS-RSRP, UL RTOA, gNB Rx-Tx time difference) will be the same as that for the transmission of the UL PRS.
Proposal 23: For FR1, the reference point for the gNB measurements for positioning (including UL PRS-RSRP, UL RTOA, gNB Rx-Tx time differences) is the antenna connector of the gNB.
Proposal 24: For FR2, the gNB measurements for positioning (including UL PRS-RSRP, UL RTOA, gNB Rx-Tx time differences) are measured based on the combined signal from antenna elements corresponding to a given receiver branch.

	Ericsson
R1-1905462
	Proposal 7: Define gNB Rx-Tx time difference, timing advance, AoA and UL RTOA as gNB measurements for NR positioning.





Comments
	Company
	Comments 

	Huawei/HiSilicon
	Suggest the definition only considers gNB without mentioning receiving node. It can be updated  if transmission measurement function is clarified in RAN3.



Proposals
· For FR1, the reference point for the UL RTOA shall be the Rx antenna connector of the gNB.

· For FR2, the UL RTOA shall be based on the combined signal from antenna elements corresponding to a given receiver branch. The reference point for UL RTOA is FFS.

Proposals
· Define UL RTOA as follows: 
The UL Relative Time of Arrival (TRTOA) is the beginning of slot i containing UL PRS received at receiving node j, relative to a configurable reference time. The reference point for the relative time of arrival shall be the Rx antenna connector of the receiving node when receiving node has a separate Rx antenna or shares Rx antenna with gNB and the gNB antenna connector when receiving node is integrated in gNB. 
· FFS: the definition of UL PRS

Proposals
· For frequency range 1 and 2, if receiver diversity is in use by the receiving node , the UL TRTOA (i.e., TRTOA) shall be the first detected path in time among the detected paths from the individual receiver branches.
 
UL RSRP measurements for NR positioning
Submitted Proposals
Table 6 Submitted proposals related to UL RSRP measurements for NR positioning
	Company
	Proposals

	Huawei, HiSilicon
R1-1904005
	SRS-RSRP has already been proposed in CLI, where the measurement is carried out by UE. The definition can be reused for gNB measurement. 

	Intel Corporation
R1-1904321
	· For NR positioning techniques based on UL timing estimation, the following measurements are supported for UL SRS (PRS) signals
· UL SRS(PRS) RTOA
· UL SRS(PRS) RSRP
· UL SRS(PRS) SINR
· UL SRS(PRS) RSRPFAP
· Can be replaced by K-Factor indication


	Samsung
R1-1904395
	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.  

	Qualcomm Incorporated
R1-1905034
	Proposal 8: The measurement SRS-RSRP defined in 38.215 for CLI purposes can be re-used for positioning purposes.  
	SRS reference signal received power (SRS-RSRP) is defined as linear average of the power contributions (in [W]) of the resource elements carrying sounding reference signals (SRS). SRS‑RSRP shall be measured over the configured resource elements within the considered measurement frequency bandwidth in the configured measurement time occasions.

For frequency range 1, the reference point for the SRS-RSRP shall be the antenna connector of the UE. For frequency range 2, SRS-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 SRS-RSRP value shall not be lower than the corresponding SRS-RSRP of any of the individual receiver branches.




	Nokia, Nokia Shanghai Bell
R1-1905263
	Proposal 7: Adopt the following definition for UL-RSRP: 
	UL reference signal received power (UL-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port(s) that carry an UL RS configured for RSRP measurements within the considered measurement frequency bandwidth in the configured UL RS occasions.

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

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




	CATT
R1-1905348
	Proposal 21: UL PRS-RSRP for NR positioning should be 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.
Proposal 25: If receiver diversity is in use by the gNB, the reported UL PRS-RSRP value shall be the corresponding RSRP obtained by the combination of the individual receiver branches, e.g., the averaged one or the maximum one.	

	Ericsson
R1-1905462
	Proposal 7: Define gNB Rx-Tx time difference, timing advance, AoA and UL RTOA as gNB measurements for NR positioning.



Comments
	Company
	Comments 

	
	



Proposals
· UL positioning reference signal received power (PRS-RSRP) is defined as linear average of the power contributions (in [W]) of the resource elements carrying UL PRS. UL PRS‑RSRP shall be measured over the configured resource elements within the considered measurement frequency bandwidth in the configured measurement time occasions.
· FFS: the definition of UL PRS occasions
· FFS: the port(s) used for PRS-RSRP measurement

· For FR1, the reference point for UL RSRP shall be the Rx antenna connector of the gNB.

· For FR2, the UL RSRP shall be based on the combined signal from antenna elements corresponding to a given receiver branch.

gNB Rx-Tx time difference measurements for NR positioning
Submitted Proposals
Table 6 Submitted proposals related to gNB Rx-Tx time difference measurements 
	Company
	Proposals 

	Huawei, HiSilicon
R1-1904005
	Alt. 1 UE Tx timing based on a neighbouring cell

	The gNB Rx – Tx time difference is defined as T gNB-RX – TgNB-TX

Where:
T gNB-RX is the gNB received timing of radio frame #i, defined by the first detected path in time. 
T gNB-TX is the gNB transmit timing of radio frame #i.

For frequency range 1, the reference point for the T gNB-RX shall be the Rx antenna connector of the gNB. For frequency range 2, T gNB-RX shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 

	



Alt. 2 UE Tx timing based on the serving cell
	The gNB Rx – Tx time difference is defined as T gNB-RX – TgNB-TX

Where:
T gNB-RX is the gNB receive timing of a radio frame that is closest in time to of radio frame #i, defined by the first detected path in time. 
T gNB-TX is the gNB transmit timing of radio frame #i.

For frequency range 1, the reference point for the T gNB-RX shall be the Rx antenna connector of the gNB. For frequency range 2, T gNB-RX shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 




	LG Electronics
R1-1904201
	Proposal 3: 
· RTOA measurement and gNB RX-TX time difference measurement for NR positioning should be defined considering the different ToA measurement according to the different SRS resource transmission beam of the UE unless a specific SRS resource is indicated to the UE for NR positioning.

	Intel Corporation
R1-1904321
	· In order to support RTT based positioning, two methods are supported by NR
· Method 1: Ranging with serving (or reference) cell/TRP for RTT estimation and RSTD measurements with respect to serving (or reference) cell/TRP
· This procedure assumes that network is either synchronized (i.e. transmit timing offset among TRPs/gNBs is zero) or TRP’s/gNB’s timing offsets with respect to serving(or reference) cell/TRP are indicated by network
· Method 2: Ranging with multiple cells/TRPs (including serving/reference and neighbor cells/TRPs)
· This procedure assumes that network measures gNB TX-RX time difference for UEs in serving and neighboring cells
· Measured gNB TX-RX time differences are reported to UEs or LMF
· For NR positioning techniques based on UL timing estimation, the following measurements are supported for UL SRS (PRS) signals
· UL SRS(PRS) RTOA
· UL SRS(PRS) RSRP
· UL SRS(PRS) SINR
· UL SRS(PRS) RSRPFAP
· Can be replaced by K-Factor indication
· gNB Tx-Rx time difference

	Samsung
R1-1904395
	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.

	Qualcomm Incorporated
R1-1905034
	Proposal 7: Define the “gNB Rx-Tx” for NR Rel-16 as follows:
	The gNB Rx – Tx time difference is defined as T gNB-RX – TgNB-TX

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

For frequency range 1, the reference point for TgNB-TX shall be the antenna connector of the UE. For frequency range 2, the TgNB-TX shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch




	Nokia, Nokia Shanghai Bell
R1-1905263
	Proposal 8: Adopt the following definition for gNB Rx-Tx Time Difference:
	The gNB Rx – Tx time difference for UE j is defined as T gNB-RXj – TgNB-TX

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




	CATT
R1-1905348
	Proposal 26: If receiver diversity is in use by the gNB, the reported UL RTOA and gNB Rx-Tx time differences shall be determined based on the first time of arrival among the individual receiver branches.

	Ericsson
R1-1905462
	Proposal 7: Define gNB Rx-Tx time difference, timing advance, AoA and UL RTOA as gNB measurements for NR positioning.





Comments
	Company
	Comments 

	Huawei/HiSilicon
	The definition of gNB Rx – Tx time difference should be symmetric with UE Rx – Tx time difference. Suggest to address the network sync first, as the UE Rx – Tx time difference.

	CATT
	Agree that the assumption of the time alignment between the serving cell and the neighboring cell will have impact on the reporting range of the gNB Rx – Tx time difference. From the definition, we may still use the same radio frame #i for gNB Rx – Tx time difference. Using use the same radio frame #i for gNB Rx – Tx time difference does not necessary mean the time offset can be half-radio frame.



Proposal
· The gNB Rx – Tx time difference for UE j is defined as TgNB-RX,j – TgNB-TX,, where: TgNB-RX,j is the gNB received timing of uplink radio frame [x] #i from UE j, defined by the first detected path in time, and T gNB-TX is the gNB transmit timing of downlink radio frame [x] #i.
· FFS: x = radio frame or subframe
· FFS: how to account the time alignment between the serving cell and the neighbouring cell in the definition to ensure the same frame #i is used for TgNB-RX,j and T gNB-TX.  The assumption of the time alignment between the serving cell and the neighbouring cell will have impact on the reporting range of the gNB Rx – Tx time difference.

· For FR1, the reference point for TgNB-RX,j shall be the Rx antenna connector of the gNB.

· For FR2, the TgNB-RX,j shall be based on the combined signal from antenna elements corresponding to a given receiver branch. The reference point for TgNB-RX,j is FFS. 

Proposals
· For frequency range 1 and 2, if receiver diversity is in use by the gNB, the T gNB-RXj shall be the first detected path in time among all of the detected paths in time from the individual receiver branches

gNB AoA measurements for NR positioning
Submitted Proposals
	Company
	Proposals 

	Huawei, HiSilicon
R1-1904005
	The definition is given as follows:
	AoA defines the estimated angle of a user in the horizontal plane 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 gNB antenna for an UL channel or an SRS corresponding to this UE or based on the DL PRS measurement by the UE.

	ZoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the zenith.

The ZoA is determined at the gNB antenna for an UL channel or an SRS corresponding to this UE or based on the DL PRS measurement by the UE.




	Intel Corporation
R1-1904321
	· For NR positioning techniques based on UL-AoA, NR supports angle measurements for the FAP

	Samsung
R1-1904395
	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.

	Qualcomm Incorporated
R1-1905034
	Proposal 9: Define the “UL AoA and UL ZoA” for NR Rel-16 as follows:
	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.

	ZoA () defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the zenith/vertical with  pointing to the zenith and  pointing to the horizon. 
The ZoA is determined at the eNB antenna for an UL channel corresponding to this UE.




	Nokia, Nokia Shanghai Bell
R1-1905263
	Proposal 9: Allow the use of rotated coordinate systems which are adapted to the orientation of the antenna arrays in special deployments (e.g., horizontal indoor antenna array) for reporting measurements.


	CATT
R1-1905348
	[bookmark: p_AoA]Proposal 28: NR AoA (azimuth and zenith angles) should be defined as follows: 
· AoA azimuth angle  is defined as the estimated angle of 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 of 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 for an UL channel corresponding to this UE.

	Ericsson
R1-1905462
	Proposal 7: Define gNB Rx-Tx time difference, timing advance, AoA and UL RTOA as gNB measurements for NR positioning.





Comments
	Company
	Comments 

	Huawei/HiSilicon
	AoA should be constrained within the horizontal plane.



Proposal
· Azimuth of arrival (AoA) defines the estimated horizontal 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.

· Zenith of arrival (ZoA) defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the zenith (vertical),  points to the zenith and  points to the horizon.

· For FR1, the reference point for AoA and ZoA shall be the Rx antenna connector of the gNB.

· For FR2, the AoA and ZoA shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. The reference point for AoA and ZoA is FFS. 


Issues for further discussion
· Whether the first arrival path (FPA)) should be considered in the definition of AoA and ZoA measurements
· Whether and how the receiver diversity should be considered in the definition of AoA and ZoA measurements
· Whether the rotated coordinate systems, as proposed in R1-1905263, should be used to overcome the potential singularity issue associated with the proposed definition of the AoA and ZoA
[bookmark: _Toc511230590][bookmark: _Toc511230731]Measurement reporting
UE Measurement reporting
Quality indication in UE measurement reporting
Submitted Proposals
	Company
	Proposals 

	Huawei, HiSilicon
R1-1904005
	Proposal 4: Support the measurement quality for the following measurements:
· UE measurement quality
· RSTD quality
· UE Rx – Tx time difference quality

	vivo
R1-1904108
	Proposal 3: 
· Support reusing measurements related to measurement quality in LTE such as ‘reference quality’ of reference cell, ‘rstd quality’ of neighboring cell for NR DL-TDOA based positioning.


	Intel Corporation
R1-1904321
	Proposal 3: 
· For NR positioning techniques based on DL timing estimation, the following measurements are supported for DL PRS signals
· DL PRS RSTD
· DL PRS RSRP
· DL PRS SINR
· DL PRS RSRPFAP
· Can be replaced by K-Factor indication


	Qualcomm Incorporated
R1-1905034
	Proposal 10:	Quality measurement for all timing measurements (RSTD, RTOA, UE Rx-Tx, gNB Rx-Tx) shall be defined in a NR using the LTE Quality measurement as a starting point.
· Discuss further details on the error resolution, error values, and Number of samples reported.

	Ericsson
R1-1905462
	Proposal 2: The network should configure values N, P and Q for the measurements to be performed and reported by the UE.
Proposal 5: Peak values of the power delay profile should be reported along with the RSTD measurements on these peaks.
Proposal 6: A quality measure of UE Rx-Tx measurement should be reported by the UE along with the UE Rx-Tx measurements. 
Proposal 7: Define gNB Rx-Tx time difference, timing advance, AoA and UL RTOA as gNB measurements for NR positioning.




Comments
	Company
	Comments 

	
	

	
	



Proposals
· Support reporting the quality measure along with the RSTD measurements
· FFS: the details of the quality measure of RSTD
Proposals
· Support reporting the quality measure along with the UE Rx-Tx time difference measurements
· FFS: the details of the quality measure of UE Rx-Tx time difference 

Other issues related to UE measurement reporting
	Company
	Proposals 

	vivo
R1-1904108
	Proposal 1: 
· Support UE measurements report based on one or more beams from each positioning cell.
· A reference beam should be defined for relative time difference support.

Proposal 2: How to optimize or compress the measurements from multiple beams should be further studied. 
Proposal 5: UE should report RSRP measurements from multiple TX beams of a certain cell
Proposal 6: Support reporting RSTD and RSRP measurements simultaneously for a certain beam
Proposal 7: For E-CID positioning, support UE measurements report based on one or more beams from each positioning cell.

	MediaTek Inc.
R1-1904501
	Proposal 1: For high resolution DL-AoD based positioning, an UE may select a portion of all measured TPs (cells) and report RSRP measurement results only for the selected TPs. A method for UE to select TPs is given as follows:  
· The network configures the UE to report RSRPs measured from k TPs
· The UE selects k TPs such that the maximum RSRPs measured from these k TPs are larger than that measured from the other TPs 
The detailed specification is FFS.
Proposal 2: For high resolution DL-AoD based positioning, an UE may select a portion of beams measured from a TP and only report RSRP measured from the selected beams. A method for UE to select beams is given as follows:  
· The network configures the UE to report RSRPs measured from k beams of a TP
· For the TP, the UE selects k beams such that the maximum RSRPs measured from these k beams are larger than that measured from the other beams 
The detailed specification is FFS.
Proposal 3: For high resolution DL-AoD based positioning, an UE may report RSRP ratios or differential RSRPs derived from measured beams of a TP. A method for UE to report RSRP ratios or differential RSRPs is given as follows:
· Suppose  is the RSRP measured from beam k, k = 1,2,…,N
· Suppose  is a maximum RSRP, i.e.,    for k = 1,2,…,N
· Then UE reports the beam index m, but UE does not report 
· For each of the N beams (excluding m), say it is beam j, UE reports j and  to the network, where  or 
The detailed specification are FFS.


	Intel Corporation
R1-1904321
	Proposal 1:
NR supports DL PRS Report configuration signaled to UE by higher layers
DL PRS Report is configured independently from DL PRS Resource Sets and indicates set of measurements to be conducted by UE for indicated DL PRS Resource Sets IDs or DL PRS Resource IDs
Proposal 2:
For DL-TDOA and RTT support,
	DL PRS Reference Resource ID is provided by network using higher layer signaling (e.g. as a part of DL PRS Report configuration)
If DL PRS Reference Resource ID is not provided by network, it is selected by UE and indicated to network as a part of UE reporting
Proposal 4:
· In order to support RTT based positioning, two methods are supported by NR
· Method 1: Ranging with serving (or reference) cell/TRP for RTT estimation and RSTD measurements with respect to serving (or reference) cell/TRP
· This procedure assumes that network is either synchronized (i.e. transmit timing offset among TRPs/gNBs is zero) or TRP’s/gNB’s timing offsets with respect to serving(or reference) cell/TRP are indicated by network
· Method 2: Ranging with multiple cells/TRPs (including serving/reference and neighbor cells/TRPs)
· This procedure assumes that network measures gNB TX-RX time difference for UEs in serving and neighboring cells
· Measured gNB TX-RX time differences are reported to UEs or LMF



	Sony
R1-1904259
	Proposal 3: The UE reports the measurement (e.g. RSTD, RSRP) and the associated beam information (i.e. implicit information of PRS angle-of departure (AoD)).


	Intel Corporation
R1-1904321
	Proposal 5:
· DL-AoD is measured based on the following criteria
· DL PRS Resource ID with max of DL PRS RSRP value
· DL PRS Resource ID with max of DL PRS RSRPFAP value
Proposal 6:
· For network based positioning, UE performs measurements and reports according to DL PRS Report configuration provided by network through higher layer signaling
· Network/gNB indicates specific DL PRS Resource Sets IDs and Set of Measurements requested for given DL PRS Resource Sets or individual DL PRS Resources
· 	Network/gNB may request UE to select M best DL PRS Resources (based on pre-configured criteria e.g. DL PRS RSRP/SINR) for DL PRS Resource Sets indicated for reporting
Proposal 7:
· In case of network based positioning solutions, UE is not expected to be configured with number of DL PRS Resource Sets and DL PRS Report configurations that exceed UE capabilities in terms of DL PRS measurements and reporting
· 

	Qualcomm Incorporated
R1-1905034
	Proposal 11: Discuss further reporting granularity details of the timing measurements, including the quantization step size. 

	CATT
R1-1905348
	Proposal 9: The number of the antenna port(s) for NR RSTD measurements will be the same as the number of the antenna port(s) for DL PRS.
Proposal 10: DL PRS-RSTD measurement bandwidths should be independently configurable within the transmission bandwidth of the DL PRS; 
Proposal 13: PRS RSTD measurement reporting should be associated with the PRS index and the cell ID
Proposal 15: 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 DL PRS.
Proposal 16: UE Rx-Tx time difference measurement bandwidths should be independently configurable within the transmission bandwidth of the DL PRS;

	Ericsson
R1-1905462
	Proposal 1: UE should report inter-RSTD and intra-RSTD measurements for every pair of base stations and individual base stations its configured for positioning. 
Proposal 3: The resolution of RSTD measurements should be specified
Proposal 4: Requirements on the positioning accuracy (RSTD precision) should be set by the network.



Comments
	Company
	Comments 

	
	



Proposals
· Support reporting multiple RSRP measurements associated with different DL PRS beams (PRS resources or PRS resource sets) for a cell.

Issues for further discussion
· The configuration and parameters the UE measurements, e.g., 
· the DL PRS Resource Sets for UE measurements
· the reference DL PRS Resource 
· If DL PRS Reference Resource ID 
· The requirements and parameters related to the measurement reporting, e.g., the maximum number of reported RSRPs per cell, the maximum number of reported measurements, the beam indication, the granularity (quantization step size), the reporting ranges, etc.
· The selection, compression and optimization of the measurements for measurement reporting when the measurements from multiple DL PRS beams are available, e.g.,
· based on the first detected path for timing related measurements
· based on the maximum  value for signal power related measurements;
· UE measurement and reporting capability, e.g.,,
· The maximum number of DL beams for RSTD, RSRP, UE Rx-Tx measurements per cell
· The maximum number of cells;
· The maximum measurement bandwidth

gNB Measurement reporting
Quality indication for gNB measurement reporting
Submitted Proposals
	Company
	Proposals 

	Huawei, HiSilicon
R1-1904005
	Proposal 4: Support the measurement quality for the following measurements:
· gNB measurement quality
· UL-RTOA quality
· gNB Rx – Tx time difference quality
· AoA/ZoA quality

	Intel Corporation
R1-1904321
	Proposal 8:
· For NR positioning techniques based on UL timing estimation, the following measurements are supported for UL SRS (PRS) signals
· UL SRS(PRS) RTOA
· UL SRS(PRS) RSRP
· UL SRS(PRS) SINR
· UL SRS(PRS) RSRPFAP
· Can be replaced by K-Factor indication
· gNB Tx-Rx time difference
· 

	Qualcomm Incorporated
R1-1905034
	Proposal 10:	Quality measurement for all timing measurements (RSTD, RTOA, UE Rx-Tx, gNB Rx-Tx) shall be defined in a NR using the LTE Quality measurement as a starting point.
· Discuss further details on the error resolution, error values, and Number of samples reported.

	
	




Comments
	Company
	Comments 

	
	



Proposals
· Support reporting the quality measure along with the UL-RTOA measurements
· FFS: the details of the quality measure of UL-RTOA measurements
Proposals
· Support reporting the quality measure along with the gNB Rx-Tx time difference measurements
· FFS: the details of the quality measure of gNB Rx-Tx time difference measurements
[bookmark: _GoBack]Proposals
· Support reporting the quality measure along with the UL angle of arrival, including the azimuth of arrival (AoA) and the zenith of arrival (ZoA) measurements
· FFS: the details of the quality measure of UL AoA/ZoA measurements

Other issues related to gNB Measurement reporting
Submitted Proposals
	Company
	Proposals 

	Qualcomm Incorporated
R1-1905034
	Proposal 11: Discuss further reporting granularity details of the timing measurements, including the quantization step size. 


	CATT
R1-1905348
	Proposal 27: gNB measurements for NR positioning reporting should be associated with UL PRS index and the UE ID.
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	Company
	Comments 

	
	



Issues for further discussion
· The configuration and parameters the gNB measurements.
· The configuration and parameters for the gNB measurement reporting.
Other important issues related to UE and gNB measurements
Submitted Proposals
	Company
	Proposals 

	Huawei, HiSilicon
R1-1904005
	Proposal 2: Support indication to the neighbouring cell of the SFN initialization time of the serving cell that configures SRS received by that neighbouring cell.
· Send an LS to RAN3

	Intel Corporation
R1-1904321
	· NR supports signaling of gNB measurements to UEs
· Signaling content is determined by RAN1 WG
· Signaling mechanism is developed by RAN2 WG

	Nokia, Nokia Shanghai Bell
R1-1905263
	Proposal 4: Include RRC IDLE and RRC INACTIVE mode as applicable states for measurement of RSTD.
Proposal 5: The decision on the specific measurements that are used for E-CID in Rel-16 should be left to RAN2.

	Samsung
R1-1904395
R1-1904394
	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.

Proposal 16: Following aspects should be studied for UE measurement and report
· UE report granularity;
· Signalling overhead reduction for DL PRS quality report;
· UE measurement window for low power consumption.


	Qualcomm Incorporated
R1-1905034
	Proposal 4: Study further in NR Rel-16 the effect of Timing Advance (TA) commands during UL PRS transmissions and measurements in RTT and UTDOA positioning methods.




Comments
	Company
	Comments 

	
	



Issues for further discussion
· the effect of Timing Advance (TA) commands during UL PRS transmissions and measurements in RTT and UTDOA positioning methods.
· Whether to  support indication to the neighbouring cell of the SFN initialization time of the serving cell that configures SRS received by that neighbouring cell.
· Whether to supports signaling of gNB measurements to UEs
· Whether to support RSTD for RRC IDLE and RRC INACTIVE mode UE.
· Whether to support the exchange of UL PRS configuration between serving gNB and neighboring gNBs
· Whether to support flexible measurement window for low power consumption
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