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[bookmark: _Toc511230570][bookmark: _Toc511230710][bookmark: _Toc8325047][bookmark: _Toc5732804]Introduction
This document provides a summary of the issues, proposals, and suggested solutions for AI 7.1.10.3 related to UE and gNB measurements for NR Positioning based on the contributions submitted under this AI [2-14]. It covers the following aspects on to UE and gNB measurements for NR Positioning:

· UE measurements for NR positioning
· UE RSTD measurements
· UE Rx-Tx time difference measurements for NR positioning
· DL PRS-RSRP measurements for NR positioning
· Additional UE measurements
· Other issues related to UE measurements
· gNB measurements for NR positioning
· UL RTOA measurements for NR positioning
· gNB Rx-Tx time difference measurements for NR positioning
· UL PRS RSRP measurements for NR positioning
· UL angle of arrival measurements for NR positioning
· Additional gNB measurements for NR positioning
· UE and gNB Measurement reporting
· Beam indication in reporting
· Quality indication in reporting
· Multi-path measurements
· E-CID downlink measurements
· Mapping between positioning techniques, the DL/UL PRS and the measurements
· Measurement Configuration
· Other important issues related to UE/gNB measurements

Please note of the following:

· The YELLOW highlights are proposals and issues for discussion during this meeting
· The BLUE highlights are suggested offline agreements/conclusions based on offline discussion or comments;
· [bookmark: _Toc511230578][bookmark: _Toc511230715]The GREYed sections are issues that have been discussed or resolved, and no further discussion is expected during this meeting.
[bookmark: _Toc5732805][bookmark: _Toc8325048]UE measurements for NR positioning
According to the WID [1], the following UE measurements for NR positioning need to be specified for serving, reference, and neighboring cells
· DL RSTD (reference signal time difference) measurements for NR positioning
· DL RSRP (reference signal received power) measurements for NR positioning
· UE RX-TX time difference measurements for NR positioning
[bookmark: _Toc5732806][bookmark: _Toc8325049]UE RSTD measurements
Summary
Most contributions have discussed the UE RSTD measurements [2-14]. The discussion and proposals focus on the following issues:
· Issue 1: There are different opinions on 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:
· with respect to the timings associated with the different cells, from which the RSTD is measured
· with respect to the timings associated with the DL PRS resources of different cells, from which the RSTD is measured
· with respect to the timings associated with the DL PRS resource sets of different cells,  from which the RSTD is measured

· Issue 2: On the issue of the definition of the reference point of the RSTD measurement, 
· for FR1, it seems the common view is that the reference point of the RSTD measurement is the antenna connector of the UE. 
· for FR2, there are different proposals: 
· the combined signal from antenna elements corresponding to a given receiver branch 
· antenna connector of the UE
· antenna of the UE
· determined by RAN4

· Issue 3: On the issue how the reported RSTD measurement is determined when receiver diversity is used by UE, there are different proposals:
· based on the first detected path among the detected paths from all receiver branches
· up to the UE implementation

· Issue 4: It was agreed in last meeting that agreed that intra-frequency and inter-frequency RSTD measurements are supported for RRC_CONNECTED mode. There are proposals of supporting RSTD measurements for other UE modes.
· Include RRC IDLE and RRC INACTIVE mode as applicable states for RSTD measurement (NOK)
· FFS: RRC IDLE and RRC INACTIVE mode for measurement of RSTD (Qualcomm)

· Issue 5: One company made the proposal to support RSTD measurements with mixed E-UTRAN and NR node (MTK)

· Issue 6: One company made the proposal that DL RSTD measurements can be based on existing CSI-RS/TRS for NR positioning as a baseline and on the new PRS when necessary node (Samsung)

Company’s views
	Company
	Comments 

	MTK
	· For issue 1, the first path of the propagation environment should be considered. The beamforming changes the channel profile from receiver perspective. It is to favor demodulation, not for positioning. So we support the option in the first sub-bullet: “with respect to the timings associated with the different cells, from which the RSTD is measured”. The cell’s timing from receiver point of view is related to propagation environment and should not be related to beamforming. And there is no need to link the definition with any RS

· For issue 2, the UE RX beamforming (signal combination) may have caused extra time delay for processing in FR2. So for FR2, we consider the following two options, “antenna connector of the UE” , and “determined by RAN4” by sending LS

· For issue 3, in LTE, no definition for this. We prefer it is up to implementation

· For issue 6, in our view, in some scenarios, the network can actually configure the existing CSI-RS or TRS as PRS for UE measurement under some constraint. The downlink in FR2 could be the scenario.

It is not clear for us the “baseline” means. If this is all about the accuracy performance, it should be determined by RAN4. So RAN1 responsibility should be getting the answers for
· whether the existing CSI-RS/TRS can be configured as PRS for UE measurement in some scenario 
· for some TPs, the UE measures CSI-RS/TRS and for some other TPs, the UE measures new PRS


	ZTE
	· For issue one, we think in essence, the value should be same for the three options. Since it is used to describe the distantance different of two cells, option 1 is proper.
· For issue two, we think it is should be within the scope of RAN4 to study the difference of thr options.
· For issue 3, we think to leave this problem to UE implementation would give more possibility to some intelligent algorithm, there is no need to just limit it to first path, so we prefer option 2. 
· For issue 4, we think it is still not clear which RS could be used for idle mode and what procedures should be like.
· For issue 6, just as proposed in our contributions, other RS could only play as supplementary and PRS should always be the main body.



Proposal
· 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 cells;
· Option 2: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resource sets of different cells
· Option 3: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resources of different cells

Proposal 
· For FR1, the reference point of the RSTD measurement is the Rx antenna connector of the UE

· For FR2, select one of the following options as 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 connector of the UE
· Option 3: the Rx antenna of the UE
· Option 4: decided by RAN4

Proposal
· When receiver diversity is used by UE to obtain the RSTD measurement, the reported measurement is determined by one of the following options:
· Option 1: the first detected path among the detected paths from all receiver branches
· Option 2: up to the UE implementation

Issues for further discussion
· whether to support RSTD measurements for RRC IDLE and RRC INACTIVE mode in Rel-16
· whether RSTD measurement is supported with mixed E-UTRAN and NR node in Rel-16

[bookmark: _Toc8325050][bookmark: _Toc5732808]UE Rx-Tx time difference measurements for NR positioning
Summary
Most contributions have discussed the UE Tx time difference measurements [2-14]. The discussion and proposals focus on the following issues:
· Issue 1: Whether the UE Rx-Tx time difference should be defined with respect to the frame timing associated with the cells, or with the PRS resource sets, or with the PRS resources:
· with respect to the frame timing associated with the cell, from which the UE Rx-Tx time difference is measured 
· with respect to the timing associated with the DL PRS resource(s), from which the UE Rx-Tx time difference is measured
· with respect to the timing associated with the DL PRS resource set(s), from which the UE Rx-Tx time difference is measured

· Issue 2:  Definition of the reference point(s) for UE Rx-Tx time difference measurements.
· Number of the reference point(s)
· Most companies propose two reference points for UE Rx-Tx time difference measurement: one for the Rx time and the other for Tx time, although some companies only propose one reference point for UE Rx-Tx time difference measurement
· For FR1, it looks the common view is to define the reference point of Rx time as the Rx antenna connector of UE, and the reference point of Tx time as the Tx antenna connector of UE
· For FR2, there are different proposals for the reference points: 
· the combined signal from antenna elements corresponding to a given transmitter branch
· Rx and Tx antenna connectors of the UE 
· Rx and Tx antenna
· determined by RAN4

· Issue 3: There are different proposals on how the UE Rx-Tx time difference measurement is determined when receiver diversity is used by UE to obtain the measurement
· based on the first detected path among the detected paths from all receiver branches
· FFS

· Issue 4: It is obvious that intra-frequency UE Rx-Tx time difference measurement should be at least supported for RRC_CONNECTED mode. But, there are different opinions on whether inter-frequency UE Rx-Tx time difference measurements should be supported.
· Only support  intra-frequency UE Rx-Tx time difference measurement
· Support  both intra-frequency and inter-frequency UE Rx-Tx time difference measurements

· Issue 5: One company made explicitly a proposal “NR supports UE Rx – Tx time difference measurements for serving and neighbour cell(s) in Rel-16 (MTK)”.

Comments
	Company
	Comments 

	MTK
	· For issue 1, again, we consider that the definition should not be linked with any RS. We consider the first sub-bullet “with respect to the frame timing associated with the cell, from which the UE Rx-Tx time difference is measured”

· For issue 2 for FR2, same as the above RSTD measurement, we consider “Rx and Tx antenna connectors of the UE” or “determined by RAN4”

· For issue 3, same as the above RSTD measurement, we prefer up to UE implementation

· For issue 4, maybe it can be the UE capability


	ZTE
	· For issue 2, we think it should be discussed in RAN4.
· For issue 3, up to UE implementation would be a more reasonable choice.



Proposal
· Select one (or more) of the following options for the definition of the UE Rx-Tx time difference
· Option 1: UE Rx-Tx time difference is defined with respect to the frame timing associated with the cell
· Option 2: UE Rx-Tx time difference is defined with respect to timing associated with the DL PRS resource
· Option 3: UE Rx-Tx time difference is defined with respect to timing associated with the DL PRS resource set

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

· For FR2, select one of the following options as the reference points of the UE Rx-Tx time difference
· Option 1: the combined signal from antenna elements corresponding to a given transmitter branch
· Option 2: the reference point for Rx time is the Rx antenna connector of the UE, and the reference point for Tx time is the Tx antenna connector of the UE;
· Option 3: the reference point for Rx time is the Rx antenna of the UE, and the reference point for Tx time is the Tx antenna of the UE;
· Option 4: decided by RAN4


Proposal
· When receiver diversity is used by UE to obtain the UE Rx-Tx time difference measurement, the reported measurement is determined by one of the following options:
· Option 1: the first detected path among the detected paths from all receiver branches
· Option 2: up to the UE implementation

Issues for further discussion
· whether inter-frequency UE Rx-Tx time difference measurements should be supported in Rel-16


[bookmark: _Toc8325051][bookmark: _Toc5732807]DL PRS-RSRP measurements for NR positioning
Summary
Most contributions have discussed the UE RSTD measurements [2-14]. The discussion have covered the following issues:

· Issue 1: For definition of NR DL RSRP, it seems most companies have made the similar proposals.
· 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 the DL PRS configured for RSRP measurements
· The DL PRS resource elements for PRS-RSRP measurements in frequency domain are within the considered measurement frequency bandwidth
· The DL PRS resource elements for PRS-RSRP measurements in time domain are within the configured DL PRS occasions
Note: The term “DL PRS occasion” is still under discussion in AI 7.2.10.1.

· Issue 2: For the reference point for DL PRS-RSRP measurement, it  looks the common views that:
· For FR1, the reference point is the Rx antenna connector of the UE
· For FR2, DL PRS-RSRP is measured based on the combined signal from antenna elements corresponding to a given receiver branch

· Issue 3: About how the DL PRS-RSRP measurement is determined when receiver diversity is used by UE to obtain the measurement, the common view seems to be:
· the reported PRS-RSRP value shall not be lower than the corresponding PRS-RSRP of any of the individual receiver branches

· Issue 4: It was agreed in last meeting that at least intra-frequency DL PRS-RSRP measurements are supported in RRC_CONNECTED mode. It is still FFS on whether to support intra-frequency DL PRS-RSRP measurements are supported for RRC_CONNECTED mode. In this meeting, a number of companies made the proposals to support inter-frequency DL PRS-RSRP measurements, while it seems no proposal to object supporting it.

· Issue 5: RAN1 has not decided whether to support 2 ports DL PRS. If it is decided to support 2 ports, the number of ports for DL PRS-RSRP measurement needs to be decided.

Comments
	Company
	Comments 

	MTK
	· For issue 1, the three sub-bullets may be condensed as 
“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 positioning reference signals configured for RSRP measurements within the considered measurement frequency bandwidth in the configured PRS occasions” , or that “in the configured PRS occasions” can be removed, because we can see that in 38.215 for SSS transmit power, no wording for “in the configured SSS occasions”

	ZTE
	For issue 5, considering the specification impact of two ports PRS and the limited time, we think it should not be supported in this release.



Proposal

· Definition of the 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 the DL PRS configured for RSRP measurements
· The DL PRS resource elements for a DL PRS-RSRP measurement in frequency domain are within the considered measurement frequency bandwidth
· The DL PRS resource elements for a PRS-RSRP measurement in time domain are within the configured  DL PRS occasions
· FFS: the definition of “DL PRS occasion”

Proposal
· For FR1, the reference point for the DL-PRS-RSRP is the Rx antenna connector of the UE;
· For FR2, DL PRS-RSRP is measured based on the combined signal from antenna elements corresponding to a given receiver branch

Proposal
· When the receiver diversity is used by 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

Proposal
· Support inter-frequency DL PRS-RSRP measurements for NR positioning in Rel-16.

Issues for further discussion
· the number of ports for DL PRS-RSRP measurement if 2 ports is supported for DL PRS

[bookmark: _Toc5732809][bookmark: _Toc8325052]Additional UE measurements
Summary
One company made the proposal of defining DL PRS and UL PRS SINR measurements for NR positioning (Intel)

Comments
	Company
	Comments 

	MTK
	 It seems that SINR measurement can be equivalent to the 2nd order statistics measurement, which has been supported in LTE for RSTD measurement. So, we don’t need the need for SINR measurement for reporting 



Issues for discussion
· whether to introduce DL and UL PRS SINR measurements for NR positioning in Rel-16


[bookmark: _Toc8325053]Other issues related to UE measurements
Summary
The following methods are proposed for obtaining UE Tx-Rx measurements (Intel)
· Method 1: UE Tx-Rx measurements are obtained through ranging with serving (or reference) cell/TRP for RTT estimation and RSTD measurements with respect to serving (or reference) cell/TRP
· Note: Method 1 assumes synchronized network (TX timing offset among TRPs/gNBs is zero or TRP’s/gNB’s timing offsets with respect to serving(reference) cell/TRP are indicated by network)
· Method 2: UE Tx-Rx measurements are obtained through ranging with multiple cells/TRPs (including serving(reference) and neighbor cells/TRPs)
· Note: Method 2 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

Company’s views
	Company
	Comments 

	
	

	
	



Issues for further discussion
· whether to define different methods in the specification for the UE to obtain UE Tx-Rx measurements for NR positioning.

[bookmark: _Toc8325054][bookmark: _Toc5732810]gNB measurements for NR positioning
According to the WID [1], the following gNB measurements gNB measurements based on UL reference signals applicable for NR positioning need to be specified by RAN1:
· UL RTOA (relative time of arrival) measurements for NR positioning
· UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
· UL RSRP (reference signal received power) measurements for NR positioning
· gNB RX-TX time difference measurements for NR positioning
[bookmark: _Toc8325055][bookmark: _Toc5732811]UL RTOA measurements for NR positioning
Summary
A number of contributions have discussed the UL RTOA measurements (Huawei, CATT, NOK, LGE, Samsung, Qualcomm, Intel, Ericsson) on the following issues:
· Issue 1: Whether the UL RTOA should be defined with respect to the subframe timings containing the UL PRS resources, or the timing of the UL PRS resource sets, or the timing of UL PRS resources
· the subframe timings containing the UL PRS resources
· the timings associated with the UL PRS  resources from which the UL RTOA is measured

· Issue 2:  the reference point of the UL RTOA measurement
· For FR1, the common view for the reference point is the Rx antenna connector of the gNB. 
· For FR2, there are different  proposals: 
· the combined signal from antenna elements corresponding to a given receiver branch
· the Rx antenna connector of gNB
· the Rx antenna
· determined by RAN4

· Issue 3: There are different proposals on how the UL RTOA  measurement is determined when receiver diversity is used by gNB to obtain the measurement
· based on the first detected path among the detected paths from all receiver branches
· up to the gNB implementation


Comments
	Company
	Comments 

	MTK
	· For issue 1, we support option 1
· For issue 2 for FR2, we support option 2 and option 4
· For issue 3, we support option 2

	ZTE
	· For issue 2, option 4.
· For issue 4, option 2, up to gNB implementation



Proposal
· Select one (or more) of the following options for the definition of the UL RTOA
· Option 1: UL RTOA is defined with the respect to the subframe timing containing the UL PRS resources;
· Option 2: UL RTOA is defined with the respect to the timing of the UL PRS resource
· Option 3: UL RTOA is defined with the respect to the timing of the UL PRS resource set
Note: The terms of UL PRS resource and UL PRS resource set will be defined in 7.2.10.2

Proposal 
· For FR1, the reference point of the UL RTOA measurement is the Rx antenna connector of the gNB

· For FR2, select one of the following options for the reference point of the UL RTOA measurement
· Option 1: the combined signal from antenna elements corresponding to a given receiver
· Option 2: the Rx antenna connector of the gNB
· Option 3: the Rx antenna of the gNB
· Option 4: decided by RAN4

Note: LMU has not yet defined in NR Rel-16, and it is part of the work of the RAN3 WG to provide a name for the “transmission measurement function”. For simplicity of the discussion in RAN1 we call this “gNB” in the definition.

Proposal
· When receiver diversity is used by UE to obtain the UL RTOA measurement, the reported measurement is determined by one of the following options:
· Option 1: the first detected path among the detected paths from all receiver branches
· Option 2: up to the gNB implementation

[bookmark: _Toc5732813][bookmark: _Toc8325056]gNB Rx-Tx time difference measurements for NR positioning
Summary
A number of contributions have discussed the gNB Rx-Tx time difference measurements [2-14]. Different views and proposals are presented on the following issues:
· Issue 1: Should the gNB Rx-Tx time difference be defined with respect to the receiving timings of the UL radio frames, or with the UL PRS resource set, or with the UL PRS resource?

· Issue 2: the reference point for gNB Rx-Tx time difference measurements.
· For FR1, the common view seems to be
· Define two reference points: one for Rx time at the Rx antenna connector and the other for Tx time at the Tx antenna connector
· For FR2, there are different proposals for the reference point(s): 
· the combined signal from antenna elements corresponding to a given transmitter branch
· Rx/Tx antenna connectors of the gNB 
· Rx/Tx antennas of the gNB
· determined by RAN4

· Issue 3: When receiver diversity is used by the gNB for gNB Rx-Tx time difference measurement, different receiver branches may have different Rx timing. The following proposals were made on how the gNB Rx-Tx time difference measurement is determined in this case.
· based on the first detected path among the detected paths from all receiver branches
· up to gNB implementation


Comments
	Company
	Comments 

	MTK
	· For issue 1, we support option 1
· For issue 2 for FR2, we support option 2 and option 4
· For issue 3, we support option 2

	ZTE
	· For issue 2, option4.
· For issue 3, option 2.



Proposal
· Select one (or more) of the following options for the definition of the gNB Rx-Tx time difference
· Option 1: gNB Rx-Tx time difference is defined with respect to the timing of the UL radio frame 
· Option 2: gNB Rx-Tx time difference is defined with respect to timing associated with the UL PRS resource
· Option 3: gNB Rx-Tx time difference is defined with respect to timing associated with the UL PRS resource set

Proposal
· For FR1, the reference point for the Rx time of the gNB Rx-Tx time difference is the Rx antenna connector of the gNB, and the reference point for Tx time of the UE Rx-Tx time difference is the Tx antenna connector of the gNB.

· For FR2, select one of the following options for the reference points of the gNB Rx-Tx time difference
· Option 1: the combined signal from antenna elements corresponding to a given transmitter branch
· Option 2: the reference point for the Rx time of the gNB Rx-Tx time difference is the Rx antenna connector of the gNB, and the reference point for Tx time of the UE Rx-Tx time difference is the Tx antenna connector of the gNB;
· Option 3: the reference point for the Rx time of the gNB Rx-Tx time difference is the Rx antenna of the gNB, and the reference point for Tx time of the UE Rx-Tx time difference is the Tx antenna of the gNB;
· Option 4: decided by RAN4


Proposal
· When receiver diversity is used by gNB to obtain the gNB Rx-Tx time difference measurement, the reported measurement is determined by one of the following options:
· Option 1: the first detected path among the detected paths from all receiver branches
· Option 2: up to the gNB implementation


[bookmark: _Toc8325057][bookmark: _Toc5732812]UL PRS RSRP measurements for NR positioning
Summary
A number of contributions have discussed the UL RSRP measurements, covering the following issues:
· Issue 1: One company proposes to discuss what is the usefulness of UL RSRP as a base station measurement for positioning purposes, e.g., is there a plan for the gNBs to forward their RSRP measurements to the location server (Qualcomm) 

· Issue 2: the definition of NR RSRP. It seems the common view is:
· UL RSRP 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 the UL PRS configured for RSRP measurements
· The UL PRS resource elements for UL RSRP measurements in frequency domain are within the considered measurement frequency bandwidth
· The UL PRS resource elements for UL RSRP measurements in time domain are within the configured UL PRS occasions
· Note: The definition of the UL PRS occasions will be discussed in AI 7.2.10.2

· Issue 3: It seems the common view on the reference point for UL RSRP measurements is:
· For FR1
· the Rx time antenna connector of the gNB
· For FR2
· UL RSRP is measured based on the combined signal from antenna elements corresponding to a given transmitter branch

· Issue 4: When receiver diversity is used by the gNB to get UL PRS-RSRP measurement, different receiver branches may obtain different RSRP values. It looks the common view is
· the reported UL RSRP value shall not be lower than the corresponding UL RSRP of any of the individual receiver branches


Comments
	Company
	Comments 

	MTK
	· For issue 1, we think UL RSRP can also be used for angle measurement, together with gNB RX beam-sweeping to measure RSRP from different receive beam to achieve high-resolution angle measurement
· For issue 2, similar to DL RSRP, the sentence maybe condensed as

“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 positioning reference signals configured for RSRP measurements within the considered measurement frequency bandwidth in the configured PRS occasions” , or that  “in the configured PRS occasions” can be removed




Proposal	
· Definition of the UL PRS reference signal received power (UL PRS-RSRP)  
· 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 the UL PRS configured for RSRP measurements
· The UL PRS resource elements for UL PRS-RSRP measurements in frequency domain are within the considered measurement frequency bandwidth
· The UL PRS resource elements for UL PRS-RSRP measurements in time domain are within the configured UL PRS occasions
· FFS: the definition of the UL PRS occasion

Proposal
· The reference point for UL PRS-RSRP measurement is defined as follows:
· For FR1, the reference point of the UL-PRS-RSRP is the Rx antenna connector of the gNB
· For FR2, the UL PRS-RSRP is measured based on the combined signal from antenna elements corresponding to a given receiver branch

Proposal
· When the receiver diversity is used by gNB to obtain the UL PRS-RSRP measurement, the reported UL PRS-RSRP value shall not be lower than the corresponding UL PRS-RSRP of any of the individual receiver branches

Issues for further discussion
· whether to support inter-frequency UL PRS-RSRP measurements for NR positioning in Rel-16.

[bookmark: _Toc5732814][bookmark: _Toc8325058]UL angle of arrival measurements for NR positioning
Summary
A number of contributions have discussed the UL angle of arrival measurements (Huawei, CATT, Samsung). Different views are presented on the following issues:
· Issue 1: Should the angle of arrival be defined in terms of the estimated angle of a user with respect to a reference direction, or the estimated angle of a beam from a user with respect to a reference direction?
· the estimated angle of a user
· the estimated angle of a beam 

· Issue 2: The following proposals were made on reference point for UL angle of arrival measurements.
· For FR1
· at the Rx antenna connector of the gNB
· at the Rx antenna of the gNB
· For FR2
· the combined signal from antenna elements corresponding to a given transmitter branch
· at the Rx antenna connector of the gNB
· at the Rx antenna of the gNB


Comments
	Company
	Comments 

	
	



Proposal
· Select one (or more options) for the definition of the UL angle of arrival measurements
· Option 1: UL angle of arrival measurements is defined in terms of the estimated angle of a user with respect to a reference direction
· Option 2: UL angle of arrival measurements is defined in terms of the estimated angle of a UL PRS resource with respect to a reference direction
· Option 3: UL angle of arrival measurements is defined in terms of the estimated angle of a UL PRS resource set with respect to a reference direction

Proposal
· On the reference point for the UL angle of arrival measurements,
· For FR1, select one of the following options
· Option 1: the Rx antenna connector of the gNB
· Option 2: the Rx antenna of the gNB;
· For FR2, select one of the following options
· Option 1: the combined signal from antenna elements corresponding to a given transmitter branch
· Option 2: the Rx antenna connector of the gNB
· Option 2: the Rx antenna of the gNB;


Proposal
· When receiver diversity is used by UE to obtain the UL angle of arrival measurements, the reported measurement is determined by one of the following options:
· Option 1: up to the gNB implementation
· Option 2: the angle of arrival associated with the first detected path among the detected paths from all receiver branches
· Option 3: determined by RAN4

[bookmark: _Toc8325059]Additional gNB measurements for NR positioning
Summary
The following proposals are made on additional gNB measurements for NR positioning
· (NOK) Introduce a TOA measurement at the gNB for a reference signal from another gNB. FFS the exact RS to be used
· (NOK)Include RS from another gNB in the measurement definition of RTOA when specified. This measurement can be configured as part of multi-cell RTT. FFS the exact RS to be included
· (Intel) For NR positioning techniques based on UL timing estimation, the following measurements are supported for UL SRS (PRS) signals
· UL SRS(PRS) SINR
· UL SRS(PRS) RSRPFAP
· Can be replaced by K-Factor indication


Comments
	Company
	Comments 

	
	




[bookmark: _Toc5732815][bookmark: _Toc511230731][bookmark: _Toc511230590]Issues for further discussion
· whether to introduce a TOA measurement at the gNB for a reference signal from another gNB in Rel-16
· whether to include RS from another gNB in the measurement definition of RTOA when specified in Rel-16
· whether to introduce the following measurements for NR positioning in Rel-16
· UL SRS(PRS) SINR
· UL SRS(PRS) RSRPFAP
· Can be replaced by K-Factor indication

[bookmark: _Toc8325060]UE and gNB Measurement reporting
[bookmark: _Toc8325061]Beam indication in measurement reporting
Summary
For DL RSTD measurements, it was agreed in last meeting that “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.” 
Many contributions have proposed the support of reporting the RSTD and other UE/gNB measurements with the associated beam information [2-14]. It looks to be a common view that the beam related information (PRS resource ID(s) and PRS resource set ID(s)) should be reported together with the UE/gNB measurements (RSTD, UE Tx-Rx time difference, DL RSRP), and there are different proposals more specific on how the UE selects the PRS resource ID(s) and/or PRS resource set ID(s)) for the reporting, e.g., 
· [bookmark: _Toc5732817](vivo) UE should report RSRP measurements from multiple TX beams of a certain cell for NR DL-AOD based positioning
· (MTK) For high resolution DL-AoD based positioning, an UE may select a portion of all measured PRS resource sets and report only RSRPs measured from the selected PRS resource sets.
· (MTK) For high resolution DL-AoD based positioning, an UE may select a portion of PRS resources from a PRS resource set and only report RSRP measured from the selected PRS resources.
· (MTK) For high resolution DL-AoD based positioning, an UE may report RSRP ratios or differential RSRPs derived from measured PRS resources of a PRS resource set.
· (MTK) For DL-AoD, it is sufficient to use the following configurations:
· UE measures at most 8 cells 
· For each cell, UE measures at most 8 beams
· For each cell, UE reports at most 8 beam RSRPs
·  (Samsung) Subset RSRP measurement reporting should be supported and the reporting granularity can be different from RSTD measurement reporting.
· (Samsung) The decision criterion of the UE should be defined and reported if UE chooses to use a DL PRS resource(s)/ resource set different from the one indicated by the network to facilitate the positioning 
· (Samsung The resource/resource set ID(s) to be reported by the UE should depend on how such IDs are defined and if both IDs are defined locally, cell ID should also be reported (Samsung)
· (Intel) NR Positioning supports DL-AoD measurements based on both DL PRS RSRP and DL PRS RSRPFAP
· DL PRS Resource ID with max of DL PRS RSRP value
· DL PRS Resource ID with max of DL PRS RSRPFAP value
· (Ericsson) UE should report inter-RSTD and intra-RSTD measurements for every pair of base stations and individual base stations configured for positioning
· (Ericsson) The network should configure values number of base stations (N), the number of paths (P) and number of strongest beams (Q) for the measurements to be performed and reported by the UE.

Company’s views
	Company
	Comments 

	
	

	
	



Proposal
· UE should support reporting 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;

Issues for further discussion
· how to select and report DL PRS Resource ID(s) and/or  the DL PRS Resource set ID(s) for DL RSTD measurements;
· how to select and report DL PRS Resource ID(s) and/or  the DL PRS Resource set ID(s) for UE Tx-Rx time difference measurements;
· how to select and report DL PRS Resource ID(s) and/or  the DL PRS Resource set ID(s) for DL PRS-RSRP measurements;

Proposal
· gNB should support reporting the UL PRS Resource ID(s) and/or the UL PRS Resource set ID(s) associated UL PRS Resource(s) and/or the UL PRS Resource set(s), which are used to determine the gNB measurements (UL RTOA, gNB Tx-Rx time difference, UL PRS-RSRP, UL AOA), in gNB measurement reporting

Issues for further discussion
· how to select and report UL PRS Resource ID(s) and/or  the UL PRS Resource set ID(s) for UL RTOA measurements;
· how to select and report UL PRS Resource ID(s) and/or  the UL PRS Resource set ID(s) for gNB Tx-Rx time difference measurements;
· how to select and report UL PRS Resource ID(s) and/or  the UL PRS Resource set ID(s) for UL PRS-RSRP measurements;
· how to select and report UL PRS Resource ID(s) and/or  the UL PRS Resource set ID(s) for UL AOA measurements;

[bookmark: _Toc8325062]Quality indication in reporting
Summary
Many contributions have proposed reporting the measurement quality related to the following UE/gNB measurements [2-14].

· DL RSTD
· UE Rx – Tx time difference quality
· UL-RTOA
· gNB Rx – Tx time difference
· AoA/ZoA

There are different proposals on how the quality measure of the UE and gNB measurements are supported, e.g., 
· (Huawei) LTE RSTD uncertainty range can be considered as the starting point to quantize the quality of the following timing measurements
·  DL RSTD
·  UE Rx – Tx time difference quality
·  UL-RTOA
·  gNB Rx – Tx time difference
· FFS: AoA/ZoA
· (Huawei)report SRS-RSRP along with UL-RTOA and AOA/ZOA measurement and measurement quality 
· (Huawei)NR supports multi-path measurements to enhance robustness and accuracy
· (Huawei)Support joint report of
· Delay and angle in case of multi-path scenarios for UL-based positioning;
· Delay and path power in case of multi-path scenarios for DL-based positioning.
· (vivo)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 
· (NOK) Study different options of defining a quality metric for two-dimensional angle measurements and define the quality metric to be used for reporting
· (Intel) For NR positioning techniques based on DL timing estimation, the following additional measurements based on DL PRS signals are supported
· DL PRS SINR
· DL PRS RSRPFAP
· DL PRS RSRPFAP can be replaced by K-Factor indication
· (Ericsson) Network should be able to configure finer RSTD measurements in CIR around any peak
· (Ericsson) Requirements on the measurement precision (RSTD precision) should be set by the network based on the required time of arrival accuracy 
· (Ericsson)The RSTD measurement precision should be sufficient to be able to meet positioning requirement in any scenario with even three base stations
· (Ericsson)Dynamic range of peaks in the power delay profile should be reported along with the RSTD measurements on these peaks 

Comments
	Company
	Comments 

	
	

	
	



Proposal
· Support reporting the quality measure along with the RSTD measurements
· FFS: the details of the quality measure of RSTD
· 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
· Support reporting the quality measure along with the UL-RTOA measurements
· FFS: the details of the quality measure of UL-RTOA measurements
· 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
· 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

[bookmark: _Toc8325063]Multi-path measurements
Summary
A number of companies have discussed the measurement reporting related to multi-path measurements:
· (Huawei) NR supports multi-path measurements to enhance robustness and accuracy
· (Huawei) Support joint report of
· Delay and angle in case of multi-path scenarios for UL-based positioning;
· Delay and path power in case of multi-path scenarios for DL-based positioning.
· (vivo) Support reusing measurements like ‘additional path’ for NR DL-TDOA based positioning
· (vivo) Support reporting RSTD and RSRP measurements simultaneously for a certain beam
· (Intel) For NR UL-AoA positioning, NR supports two types of AoA measurements
· Type-1: based on the first arrival path component of channel impulse response (e.g. using UL-SRS-RSRPFAP)
· Type-2: based UL-SRS-RSRP measurements of all multi-path components

Comments
	Company
	Comments 

	MTK
	· For Huawei’s proposal of “Delay and path power in case of multi-path scenarios for DL-based positioning”,  suggest to consider relative delay and relative path power, which is relative to the identified first path

	[bookmark: _GoBack]ZTE
	Since we don’t support define the measurements above only for first path, so there is no need to distinguish whether is could be used by multiple paths here, it should be a implementation problem.



Issues for further discussion
· whether and how to support multi-path measurements in the measurement reporting for the following
· DL RSTD measurements
· UE Rx-Tx time difference measurements
· UL RTOA measurements
· gNB Rx-Tx time difference measurements
· UL AoA, including the azimuth of arrival () and the zenith of arrival () measurements

[bookmark: _Toc8325064][bookmark: _Toc5732818]E-CID downlink measurements
Summary
The NR positioning WID includes the following objective [1]
· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques

One contribution has specifically discussed the support of E-CID based on Rel-15 NR reference signals, with the following proposals (Intel):

· NR E-CID is supported based on Rel-15 reference signal framework
· Additional measurement for NR E-CID support are introduced
· UL-AoA based on Rel-15 UL SRS/PRACH
· DL-AoD based on Rel-15 SS-RSRP
· UE/gNB Tx-Rx time difference
· Rel-15 SS-SINR (to replace RSRQ)
· Use of Rel-15 reference signals for all NR Positioning techniques (except of NR E-CID support) is left up to UE implementation
· Network provides assistance signaling to UE in order to facilitate the use of Rel-15 reference signals for the benefit of NR positioning (e.g. quasi-collocation information)
· NR positioning measurement requirements/test cases do not assume that Rel-15 reference signals are used by UE

Comments
	Company
	Comments 

	
	

	
	



Issues for further discussion
· How to support E-CID downlink measurements based on at least RRM measurements defined in NR Rel. 15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques

[bookmark: _Toc8325065]Mapping between positioning techniques, the DL/UL PRS and the measurements
Summary
The mapping between positioning technique and the essential RSs/measurements is discussed in two contributions with the proposals of the following mapping tables:

Mapping between positioning techniques and measurements (Huawei)
	Positioning techniques
	UE measurements
	Reference signals
	gNB measurement
	Reference signals

	DL-TDOA
	RSTD
	DL PRS
	
	

	DL-AoD
	PRS-RSRP
	DL PRS
	AoD, ZoD NOTE 1
	

	UL-TDOA
	
	
	UL-RTOA
	SRS

	UL-AoA
	
	
	AoA, ZoA
	SRS

	E-CID
	UE Rx – Tx time difference
	Not specified in RAN1/2/3
	gNB Rx – Tx time difference, AoA, ZoA
	Not specified in RAN1/2/3

	Multi-RTT
	UE Rx – Tx time difference
	DL PRS, SRS for Tx timing
	gNB Rx – Tx time difference
	SRS, DL PRS for Tx timing

	NOTE 1: AoD and ZoD are measured based on PRS-RSRP measurement from UE.




Mapping of NR positioning techniques to reference signals and UE/gNB measurements [Intel]
	NR Positioning Techniques
	DL Reference Signals
	UE Measurements
	UL Reference Signals
	gNB Measurements

	DL-TDOA
	Rel.16 DL PRS
	DL PRS-RSTD
	N/A
	N/A

	DL-AoD
	Rel.16 DL PRS
	DL PRS-RSRP
	N/A
	N/A

	UL-TDOA
	N/A
	N/A
	Rel.16 UL SRS
	UL SRS-RTOA

	UL-AoA
	N/A
	N/A
	Rel.16 UL SRS
	UL SRS-AoA 
(Azimuth, Zenith)

	Multi-cell RTT
	Rel.16 DL PRS
	Rx-Tx time difference
	Rel.16 UL SRS
	Rx-Tx time difference

	E-CID
	Rel.15 SSB
Rel.15 CSI-RS for BM
	Rx-Tx time difference
	Rel.15 PRACH
Rel.15 UL SRS
	Rx-Tx time difference
PRACH/SRS – AoA
SRS-RSRP, SRS-SINR


Note: Rel.16 UL SRS designates UL SRS signals with possible enhancements targeted in Rel.16 as a part of NR positioning
Note: Rel.16 DL PRS designate DL PRS signals introduced in Rel.16 for NR positioning

10. Comments
	Company
	Comments 

	
	




Issues for further discussion
Discuss the mapping of NR positioning techniques to reference signals and UE/gNB measurements, starting from the following mapping table.

Table 1: Mapping of NR positioning techniques to reference signals and UE/gNB measurements
	NR Positioning Techniques
	DL Reference Signals
	UE Measurements
	UL Reference Signals
	gNB Measurements

	DL-TDOA
	DL PRS
	DL PRS-RSTD
	N/A
	N/A

	DL-AoD 
	DL PRS
	DL PRS-RSRP
	N/A
	N/A

	UL-TDOA
	N/A
	N/A
	UL PRS
	UL RTOA

	UL-AoA
	N/A
	N/A
	UL PRS
	UL AoA (Azimuth, Zenith)

	Multi-cell RTT
	DL PRS
	UE Rx-Tx time difference
	UL PRS
	gNB Rx-Tx time difference

	E-CID
	Rel-15 DL reference signals 

	UE Rx-Tx time difference, 
RRM measurements (e.g., RSRP, RSRQ)
	Rel-15 UL reference signals
	gNB Rx-Tx time difference
UL AoA (Azimuth, Zenith)

	Note 1: DL PRS and UL PRS designate respectively the DL and UL positioning reference signals to be introduced in Rel-16.
Note 2: For DL-AoD positioning technique, the network (e.g., LMF) derives the downlink angle of departure measurements based on DL PRS-RSRP measurements from UE.



[bookmark: _Toc5732821]
[bookmark: _Toc8325066]Measurement Configuration
Summary
A number of contributions have discussed the UE measurement configurations with the following proposals:

· (Intel) NR supports signaling to configure UE with DL PRS Measurement Report (DPMR) settings
· (Intel) For DL PRS RSRP and SINR measurements,
· UE is configured with a list of DL PRS Resource Set IDs and DL PRS Resource IDs for measurement and reporting of measurement results
· (Intel) For DL PRS RSTD measurements,
· UE is configured whether to provide single or multiple (M) RSTD measurements per DL PRS Resource Set
· If a UE is configured with a list of DL PRS Resource IDs for each configured DL PRS Resource Set ID,
· UE is expected to use indicated DL PRS Resources for RSTD measurements and reporting
· Otherwise, if there is no configuration of DL PRS Resource IDs provided by network,
· UE is expected to autonomously select one or M DL PRS Resources for RSTD measurements and report their IDs jointly with RSTD measurements
· (Intel) DL PRS Measurement Report Configuration contains at least the following information
· Reference DL PRS Resource ID(s) / Resource Set
· List of DL PRS Resource Set IDs
· List of DL PRS Resource IDs for each DL PRS Resource Set ID
· DL PRS Report Type (e.g. periodic, semi-persistent, aperiodic)
· DL PRS Measurement Set (e.g. RSTD, RSRP, SINR, RSRPFAP, etc.)
· (Ericsson)The measurement rates and measurement reporting rates should be configured by the network
(Ericsson)The network should configure values N, P and Q for the measurements to be performed and reported by the UE.
(Ericsson)Network should be able to configure finer RSTD measurements in CIR around any peak.
(Ericsson)The measurement rates and measurement reporting rates should be configured by the network. 
(Ericsson)Requirements on the measurement precision (RSTD precision) should be set by the network based on the required time of arrival accuracy.
 
Comments
	Company
	Comments 

	
	



Issues for further discussion
· The details of the configuration and parameters for the UE/gNB measurements after the configuration and parameters of DL PRS and UL PRS are defined 

[bookmark: _Toc8325067][bookmark: _Toc5732822]Other important issues related to UE/gNB measurements
Summary
The following lists additional proposals related to UE and gNB measurements, which may need to have further discussion.

· (vivo) FFS: How to optimize or compress the measurements from multiple beams should be further studied.
· (Nokia) 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 angle measurements and corresponding quality metrics.
· (Samsung) 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.
· (Intel) UE is not expected to be configured with number of DL PRS Resources /Resource Sets that exceed UE capabilities in terms of DL PRS measurements and reporting

Comments
	Company
	Comments 

	
	



Issues for further discussion

· The selection, compression and optimization of the measurements for measurement reporting when the measurements from multiple DL PRS beams are available
· 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 angle measurements and corresponding quality metrics.
· The exchange of the configuration of UL PRS between serving gNB and neighboring gNBs via X2 interface.
· UE capabilities in terms of DL PRS measurements and reporting, e.g., 
· The maximum number DL PRS Resources /Resource Sets for RSTD, RSRP, UE Rx-Tx measurements per cell
· The maximum number of cells for UE measurements 
· The maximum measurement bandwidth
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