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Introduction
Work item on NR Positioning support was approved in [1]. The WID has the following objectives:
	Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
· DL RSTD (reference signal time difference) measurements for NR positioning
· DL RSRP (reference signal received power) measurements for NR positioning
· UE RX-TX time difference measurements for NR positioning
Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
· UL RTOA (relative time of arrival) measurements for NR positioning
· UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
· UL RSRP (reference signal received power) measurements for NR positioning
· gNB RX-TX time difference measurements for NR positioning


The following agreements were made by RAN1 WG with respect to measurements for NR Positioning at the previous RAN1 WG Meetings:
	RAN1#96bis
Intra-frequency and inter-frequency DL RSTD measurements (currently supported to be based at least on DL PRS) are supported in RRC_CONNECTED mode 
At least intra-frequency DL PRS-RSRP measurements are supported in RRC_CONNECTED mode
· FFS: Inter-frequency DL PRS-RSRP measurements in RRC_CONNECTED mode
The network can indicate one or more of the following for the UE to use to determine a reference (reference time based on the DL PRS Resource ID(s)) for DL RSTD measurements. 
· A DL PRS Resource ID 
· A subset of DL PRS Resource IDs from a single DL PRS Resource set
· A DL PRS Resource set
The UE may use different DL PRS Resource ID(s) (with the condition that the multiple DL PRS Resource IDs belong to a single DL PRS Resource set) or a different DL PRS Resource set for determining the reference for the RSTD measurement, and if it chooses to do so, it should report the DL PRS Resource ID(s) and/or the information on the DL PRS Resource set used to determine the reference


In this document, we discuss details of UE and gNB measurements for NR Positioning. Our views on other NR Positioning aspects are provided in our companion contribution [3]-[5].
UE Measurements for NR Positioning
DL PRS Measurements for NR DL Timing Based Positioning
The following measurements were agreed by RAN1 WG for NR Positioning during the study item phase:
DL RSTD (reference signal time difference) measurements
UE RX-TX time difference measurements DL RSRP (reference signal received power) measurements
In the next subsections, we discuss remaining open issues for UE measurements.
DL PRS-RSTD
RSTD Definition
At the previous meeting, several options for RSTD definition were discussed and RAN1 has reached the following agreement:
	Select one (or more) of the following options for the definition of the RSTD
· Option 1: RSTD is defined as the time difference with respect to the subframe timings associated with the different TPs;
· Option 2: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resource sets of different TPs
· Option 3: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resources of different TPs
· Note: Definition of the RSTD applies at least to the RSTD measurements obtained from DL PRS. It does not preclude the RSTD obtained from other DL RS.


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


Considering that UE may determine reference timing for RSTD measurements either based on a single DL PRS Resource, a subset of DL PRS Resources within a single DL PRS Resource Set and a whole DL PRS Resource Set, we believe it is reasonable to expect the same UE behavior to estimate received timing of the target TRP and define RSTD measurement. We admit that RSTD measurement should reflect difference in distances between two TRPs and UE. However the term itself defines time difference between reference signals. From practical considerations, it is also not obvious to conclude which specific measurement can better represent the distance between UE and TRPs. Based on discussion above, for timing measurement of target TRP in RSTD definition, it is reasonable to apply similar principle as for the timing measurement of the reference. Therefore, we have following proposals for UE received timing measurements and RSTD definition in particular:


For RSTD measurement, the received timing of the target TRP can be determined based on a single DL PRS Resource, subset of DL PRS Resource IDs of a DL PRS Resource Set, or a DL PRS Resource Set associated with the target TRP
RSTD measurement is defined as the relative time difference of the received timings TRX-i and TRX-j acquired by UE based on processing of a subset of reference signals on DL PRS Resources of DL PRS Resource Set associated with a target and reference TRPs


Consideration on RX diversity in RSTD measurements
UE may utilize multiple RX antennas to measure received timing applying UE specific implementations for received timing estimation based on various algorithms. Therefore introduction of the RX diversity into the definition of timing and RSTD measurements is not straightforward and there is no clear motivation to integrate use of RX diversity into the definition of UE RX timing measurements.


Use of RX diversity for received timing estimation is left up to UE implementation and is not specified by measurement definition

UE RRC States for NR Positioning
Considering conclusions of the NR Positioning study item and discussion on WID scope, the NR Positioning work in Release-16 will define support only for RRC_CONNECTED UEs. The UEs in RRC_IDLE and RRC_ACTIVE states may be considered in future releases.

RSTD Measurements b/w E-UTRAN and NR nodes
In our understanding, for network based solutions support of RSTD measurements b/w E-UTRAN and NR nodes can be done transparently for specification and supported by location server if both types of RSTD measurements are collected.

RSTD Measurements based on R15 reference signals
In our view, RSTD measurements and performance requirements for NR Positioning should be defined based on DL PRS signals. At the same time, specification should not preclude UE to use any other reference signals to acquire RSTD estimation, especially if QCL information between DL PRS and other reference signals is provided. The use of CSI-RS and TRS can be considered, if their physical structure can be supported by the DL PRS design that RAN1 is developing.

UE Rx-Tx Time Difference
Methods of UE Rx-Tx time difference measurements
In order to obtain UE Rx-Tx time difference measurements at the UE side for multiple cells, two options can be considered:
Option 1. Ranging (RTT estimation - RTT0) with serving (or reference) cell/TRP and RSTD measurements for neighboring cells/TRPs relative to serving (or reference) cell/TRP
· This option has benefits in terms of coverage given that majority of measurements are done for DL PRS that are supposed to have significantly large coverage than UL SRS (PRS) due to UE and gNB TX power difference. The drawback of this option is that it requires accurate network synchronization or knowledge of the synchronization error (TX timing offset between cells/TRPs) at the UE side. This TX timing offset can be either provided by the network or directly compensated at gNB side considering that it is known (i.e. can be measured by gNBs).
· In this case, UE Rx-Tx Time Difference for the m-th TRP is equal to:

UE Rx-Tx Time Difference for the m-th TRP (RTTm) = 2·RSTDm + RTT0 = 
= 2·RSTDm + UE Rx-Tx Time Difference for the 0-th TRP (serving or reference)

Option 2. Ranging (RTT estimation) with multiple cells/TRPs
· The main drawback of Option-2 is that it requires timing measurements from each UE across multiple cells/TRPs. This may become a bottleneck for UL SRS (PRS) processing due to link budget and UL overhead (spectrum efficiency) perspective. It is clear that Option 2 has much lower scaling capability in terms of capacity of positioned users.
· The main benefit of this Option 2 is that it is not sensitive to gNB sync error. If RTT measurements are available jointly with gNB Tx-Rx time difference measurements (e.g. the estimates of (t3-t2) or (y3-y2) as shown in Figure 1), the inter-cell timing synchronization error can be estimated (either at UE side or gNB side depending on the protocol) and compensated.
· In this case, UE Rx-Tx Time Difference for the m-th TRP is equal to:

UE Rx-Tx Time Difference for the m-th TRP = RTTm



[bookmark: _Ref16890516]Figure 1: Principle of measuring of inter-cell time synchronization offset at UE side


Two methods are supported by NR for UE Rx-Tx measurements
Method 1: UE Rx-Tx 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 Rx-Tx measurements are obtained through ranging with multiple cells/TRPs (including serving(reference) and neighbor cells/TRPs)
Note: Method 2 assumes that network measures gNB Rx-Tx time difference for UEs in serving and neighboring cells. Measured gNB Rx-Tx time differences are reported to UEs or LMF

Definition of UE Rx-Tx time difference
Definition of UE Rx-Tx time difference can partially reuse RSTD definition. In particular, the RX timing measurements can be done based on subset of DL PRS Resources associated with target DL PRS Resource Set (TRP).


For UE Rx-Tx time difference measurement, the received timing of the target TRP is determined based on either a single DL PRS Resource, subset of DL PRS Resource IDs of a target DL PRS Resource Set, or a target DL PRS Resource Set
UE Rx – Tx time difference is defined as TUE-RX – TUE-TX, where TUE-RX is UE received timing acquired by UE based on processing of a subset of reference signals on DL PRS Resources of DL PRS Resource Set of frame #i and TUE-TX is the UE transmit timing for UL frame #i

Reference point for UE Rx-Tx time difference measurements
The LS to discuss reference point definition was sent to RAN4 in [2] and therefore we suggest to wait for RAN4 definition.

Consideration on RX diversity for UE Rx-Tx time difference
Similar to discussion on RSTD definition, we do not see the need to define UE behavior in terms of RX diversity handling for UE Rx-Tx time difference measurements. From definition perspective, these aspects should be left up to UE implementation.

Consideration on intra and inter-frequency UE Rx-Tx time difference measurements
Similar to RSTD measurements, UE Rx-Tx time difference measurements can be supported for intra-frequency and inter-frequency scenarios. In inter-frequency scenarios, UE may need to receive DL PRS and transmit UL PRS on neighbor cell frequencies. The corresponding measurement gaps are assumed to be provided by gNB.


UE Rx-Tx time difference measurements are supported for intra-frequency and inter-frequency scenarios

DL PRS-RSRP
DL PRS RSRP measurement definition was agreed at the last meeting and no additional discussion is needed. In the next section, we discuss additional UE measurements that can be beneficial for NR Positioning.

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


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

DL PRS Measurements for NR DL-AoD based Positioning
If DL PRS RSRPFAP measurement is defined it may be possible to estimate DL-AoD based on DL-PRS RSRP or DL PRS RSRPFAP criteria (e.g. Resource ID with max DL PRS-RSRP or max DL PRS-RSRPFAP) can be reported. In addition, UE may be able to report measurements using both criteria. In this case, two hypothesis can be analyzed at NW side. In case of LOS propagation condition both criteria are likely to produce the same results that may further increase confidence of LOS radio-conditions together with K-Factor measurements.


DL-AoD can be determined based on either of the two metrics DL PRS RSRP or DL PRS RSRPFAP
Support of both mechanisms of DL-AoD determination is beneficial for NR Positioning


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

gNB Measurements for NR Positioning
Measurements on UL SRS (PRS)
UL SRS (PRS) RTOA
RTOA Measurement Definition
For NR UL positioning, the distance between UE and TRP is of primary importance. Given that antenna orientation of a UE and applied TX beamforming may not point towards gNB, it becomes questionable whether RTOA measurement reflect actual distance between UE and TRP.  Whether beamforming aspects need to be reflected in UL-RTOA definition may need more discussion.  As for the measurement itself and report of this measurement, we expect it to be performed for all SRS Resources of configured SRS Resource Set and multiple RX beams (associated with DL PRS Resource IDs) that gNB may use. Considering these aspects it makes sense to reflect this in RTOA definition.
RX Diversity
Similar to UE measurements, we do not see motivation to consider RX diversity in UL-RTOA measurement definition.
RTOA Reference
Similar to LTE, the configurable measurement time can be considered.
RTOA Reference Point
We assume that reference point for RTOA measurement in FR2 is to be determined based on reply LS from RAN4. The reference point in FR1 is antenna connector.

gNB Tx-Rx time difference
For gNB Tx-Rx time difference, the following definition (based on LTE) can be used as a starting point for NR positioning discussion. The final definition can be provided once RAN1 makes more progress on timing measurements (e.g. TgNB-RX) including processing of SRS Resources and/or SRS Resources Sets.
	Definition
	The gNB Rx – Tx time difference is defined as T gNB-RX – TgNB-TX

Where:
TgNB-RX is the gNB received timing of uplink radio frame #i, defined by the first detected path in time.
For frequency range 1, the reference point for TgNB-RX shall be the Rx antenna connector.

For frequency range 2, the reference point for TgNB-RX is TBD based on reply LS from RAN4 [2].

T gNB-TX is the gNB transmit timing of downlink radio frame #i.
The reference point for TgNB-TX shall be the Tx antenna connector.


In order to support multi-cell RTT at UE side, the gNB Rx-Tx time difference can be signalled to UE.

UL SRS (PRS) AoA
Considering 3D MIMO processing at gNB, the UL Azimuth (UL-A-AoA) and Zenith (UL-Z-AoA) AoA measurements can be defined for NR Uplink positioning. In addition, we think that for UL-A-AoA and UL-Z-AoA measurements can be done for the first arrival path component.
For NR positioning, the direction towards UE is of primary interest. Given that antenna orientation of the UE and applied TX beamforming may not point towards gNB it becomes questionable whether UL-AoA indeed points towards UE direction. If configured UL SRS Resource Set is composed from multiple SRS Resources, gNB should be able to perform AoA measurements for each UL SRS Resource representing TX beam of a UE.
Moreover, given that both gNB and UE may have RX and TX beamforming respectively and thus angle measurements are expected to be done per pair combination of gNB RX beam and UE TX beam. Whether beamforming aspects should be reflected in definition of AoA measurements may require more discussion. However, it is quite obvious that measurements should be done and reported for each UL SRS Resource and different RX beams.


NR supports UL AoA measurements for the first arrival path of channel impulse response
UL-AoA is measured and reported for each configured UL SRS Resource (UE Tx Beam)
UL-AoA is measured and reported per gNB Rx beam (DL PRS Resource ID)

UL SRS (PRS) RSRP
The following definition of UL SRS (PRS) RSRP measurement can be considered as a starting point for discussion:
	Definition
	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 that carry UL PRS signals.

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



Additional UL SRS (PRS) Measurements
Similar to discussion on DL measurements, it is beneficial to additionally support UL SRS (PRS) SINR and UL SRS (PRS) RSRPFAP or K-Factor indication (see section 2.1.4).


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

Metrics of Measurement Quality
At the RAN1#97, the following agreement was made with respect to NR Positioning metrics of measurement quality:
	Support reporting separate metric(s) corresponding to quality of each of the following measurements
· RSTD
· UE Rx-Tx time difference
· UL-RTOA
· gNB Rx-Tx time difference
· UL angle of arrival, including the azimuth of arrival (AoA) and the zenith of arrival (ZoA)
FFS: The details of these quality metrics


In this section, we provide further details on metric(s) corresponding to quality of NR Positioning measurements.
In our view, basic metrics that can serve as indicators of quality of measurement are RSRP and SINR. For NR positioning, these metrics can be generalized and introduced for the first arrival path. For aperiodic measurement and reporting, these metrics is the only possible option for aperiodic reporting.
In LTE, the OTDOA-MeasQuality metric is defined to characterize quality of OTDOA measurements. This metric includes three fields:
· Error-Resolution
· Error-Value (best estimate of the uncertainty of the OTDOA (or TOA) measurement)
· Error-NumSamples (specifies how many measurements have been used by the target device to determine this)
In general, if RSTD or other measurement is reported periodically, the quality of measurement can be estimated at the network side. For that reason it is not very clear why these measurements should be separately signaled by UE/gNB. One potential motivation is that each measurement can be performed under different RSRP and SINR environment which is may not be known to the entity that performs coordinate estimation. On the other hand if SINR and RSRP values change dramatically from one measurement occasion to another then measurement of standard deviation or uncertainty may not lead to the desired effect and the instantaneous SINR and RSRP measurements may be a better indicators of quality.


	Metrics characterizing quality of measurement may be estimated by the entity performing location if these measurements are reported and collected at location entity

The LTE approach can be extended for all NR positioning measurements and applied for periodic and semi-persistent reporting of positioning measurements. These measurements can be defined at the Resource or Resource Set (e.g. DL PRS or UL SRS Resource/Resource Set level). In addition, instead of uncertainty (error-value) we propose to define standard deviation which is estimated over a certain amount of measurements assuming zero mean or assuming that mean value is estimated. Finally, we expect that network may control the number of samples that UE should use for reporting of measurement quality. This may be needed especially for mobile UEs where RSTD values may significantly change over time and therefore STD estimation over large time window may not have any meaning. Finally, considering that many of algorithms for timing or angle estimation are based on thresholds it may often happen that collection of measurements has outliers (i.e. belong to tails of distributions). In order to cope with these effects we propose to remove Y = 10% of outlier measurement when STD is estimated.


Metrics for quality of measurements can be define per Resource or Resource Set level
Support SINR and RSRP measurements as a baseline single-shot indicators of measurement quality applicable for aperiodic reporting
Support metric of measurement quality composed of the following components:
Resolution
Standard Deviation (STD)
Number of samples used for standard estimation deviation
Maximum number of samples to be used for standard estimation deviation is controlled and configured by network
Standard deviation is measured over X = 90% of samples excluding Y = 10% of potential outliers

UE and gNB Reporting for NR Positioning
UE Reporting
DL PRS Report Configuration
For NR positioning, a UE is expected to perform measurements for DL PRS Resources within DL PRS Resource Sets, which are configured for UE measurements and reporting. A UE behavior is expected to follow DL PRS Measurement Report configuration for UE DL PRS measurements (see Figure 2).


[bookmark: _Ref7008476]Figure 2: DL PRS Measurement Report and its association with DL PRS Resource Sets and Resources


NR supports signaling to configure UE with DL PRS Measurement Report (DPMR) settings

The DL PRS RSRP and SINR measurements are expected to be conducted individually per DL PRS Resource. As for the DL PRS RSTD measurements, taking into account outcome of the discussion on estimation of reference time for RSTD, different options are possible for RSTD measurements:
Option 1. UE is configured to report single RSTD measurement per DL PRS Resource Set
· Option 1A. Using single DL PRS Resource from DL PRS Resource Set
· Option 1B. Using subset of DL PRS Resources from DL PRS Resource Set
· Option 1C. Using all DL PRS Resources from DL PRS Resource Set
Option 2. UE is configured to report M (M ˃ 1) RSTD measurements per DL PRS Resource Set based on M DL PRS Resources
In both options, it is assumed that DL PRS Resource ID(s) (pointers to DL PRS Resources for measurements) are either provided by network or selected by UE if there is no DL PRS Resource IDs provided as a part DL PRS Measurement Report configuration. If UE is expected to select DL PRS Resources for RSTD measurement it may be preconfigured with a criteria for selection of M DL PRS Resources from DL PRS Resource Set and follow this criteria for DL PRS Resource selection for reporting. Independently of specific options agreed, a UE is expected to always perform measurements according to DL PRS Measurement Report configuration provided by network.


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
For DL PRS RSTD measurements,
UE is configured whether to provide single or multiple (M) RSTD measurements per DL PRS Resource Set (i.e. whether RSTD measurement and report should be done per configured DL PRS Resource ID or 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

Based on discussion above, we have following proposal on DL PRS Measurement Report Configuration:

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.) 
Periodicity of DL PRS Measurement Report (for periodic and semi-persistent reporting)
Type of RSTD report
per DL PRS Resource or per DL PRS Resource Set
Type of UE Rx-Tx time difference report
per DL PRS Resource or per DL PRS Resource Set
multi-cell ranging or serving cell ranging + RSTD with neighbor cells

Granularity of DL PRS Measurements for UE Reporting
The granularity of DL PRS measurements for reporting can be discussed at a later stage once the set of measurements is finalized, as well as more progress on DL PRS design itself is reached. The general rule of thumb here is that reporting granularity should not significantly degrade positioning accuracy.

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


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

Other details of UE capabilities in terms of DL PRS processing can be discussed at later stages when RAN1 makes more progress on DL PRS design.

gNB Reporting
There are two types of gNB reporting that can be considered: 
gNB shares measurements to network (LMF/location server). In general, the corresponding signaling for this type of reporting can be developed by RAN2, however RAN1 may need to work and decide on parameters to be included into that signaling.
gNB shares measurements results to UEs (either directly or through LMF/location server). Signaling details for sharing gNB measurements results to UEs can be discussed in RAN2 WG, however our understanding is that RAN1 can provide recommendation on parameters and measurements to be shared.

Positioning Techniques, Reference Signals, Measurements
E-CID Reference Signals and Measurements
The following agreement was made by RAN1 WG with respect to E-CID support during the study item phase:
	NR should support E-CID based positioning
· E-CID downlink measurements should be supported based on at least RRM measurements defined in NR Rel. 15
· Note:
· Support of NR Rel-16 signals, measurements and procedures for E-CID are to be discussed when specified
· NR Rel-15 signals may be used to define additional UE/gNB measurements to facilitate E-CID support


In our view, this agreement is sufficient and there is no motivation to consider Rel-16 reference signals to support the NR E-CID positioning technique. Our preference, is to keep NR E-CID as a simple positioning technique that can be supported by majority of UEs. Additional measurements can be defined in Rel-16 to complete the full list of E-CID measurements which are supported by LTE E-CID positioning. In particular, NR E-CID based on Rel-15 reference signals can be enhanced by introducing additional measurements to facilitate support of UL-AoA and DL-AoD techniques. The extension of E-CID to incorporate DL-AoD can be done with help of SS-RSRP measurement which is already defined and can be reused for reporting. The extension of E-CID to incorporate UL-AoA, can be done by introducing measurements based on Rel-15 UL PRACH or SRS reference signals without additional specification changes.


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 NR Reference Signals for NR Positioning
Support of the NR Rel-15 reference signals for NR Positioning can be considered in the following contexts:
Use of Rel-15 only reference signals for all or selected NR positioning techniques
· The main drawback of Option 1 is that it may require implementation of two different procedures at UE and network side for NR Positioning (considering that new DL positioning reference signals and muting are necessary for improved NR positioning performance). From UE and system perspective, having common solution independently of considered use cases is a preferred option.
Use of Rel-15 and Rel-16 reference signals, where use of Rel-15 reference signals is left up to UE implementation (except NR E-CID based positioning)
· This option can be considered if network provides assistance data and the use of Rel-15 reference signals is left up to UE implementation, so that UE can utilize it for the benefit of NR positioning where it is necessary/feasible. This option, if it is supported, should not impose any requirement on joint processing of Rel-15 and Rel-16 reference signals for positioning.
Use of Rel-16 reference signals only (i.e. Rel-15 reference signals are not in use for NR positioning)
· 	This option rules out the use of Rel-15 reference signal for all NR positioning techniques, except E-CID.
Based on analysis of the above options, we have the following proposal for Rel-16 work.


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

Mapping of Measurements, Reference Signals & Measurements
During the study item phase on NR Positioning, the mapping between positioning techniques, reference signals and UE/gNB measurements was partially discussed but not finalized. In this section we provide our views on the minimum set of measurements needed for NR Positioning in Rel.16. The table below also provides our suggested mapping between reference signals, measurements and positioning techniques. We suggest to discuss this table in RAN1 WG and inform RAN2 WG on conclusions made by RAN1 WG. Note that this table does not imply that RAN2 is supposed to define dedicated signaling for all identified positioning techniques. Oppositely it is assumed that RAN2 can further discuss signaling details to facilitate support of identified techniques and any combination.
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
	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


Agree on mapping b/w NR positioning techniques, reference signals and measurements as provided in Table 1.

Additional Measurements for NR Positioning
During the NR Positioning study item, basic measurements were agreed to facilitate support of NR positioning. Additional measurements characterizing radio environment during estimation of signal location parameters are also beneficial. Therefore, we propose to introduce RSRP and SINR measurement for DL PRS and UL SRS.
In NR, SINR measurement was already defined. For instance, SS-SINR can be used for NR E-CID replacing RSRQ measurement. As for other NR Positioning techniques, the SINR measurement can be defined for Rel-16 DL PRS and UL SRS (PRS). In addition, we assume that RSRP measurement can be useful for any of the NR positioning techniques.


Define DL PRS and UL PRS SINR measurements (i.e. for Rel-16 DL PRS and UL SRS (PRS))

If the above proposal is agreed, then the overall mapping of NR Positioning techniques, reference signals and measurements can be summarized by the following table (see Table 2).

[bookmark: _Ref16794363]Table 2: Proposed mapping b/w NR positioning techniques, reference signals and measurements
	NR Positioning Techniques
	DL Reference Signals
	UE Measurements
	UL Reference Signals
	gNB Measurements

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

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

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

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

	Multi-cell RTT
	Rel.16 DL PRS
	Rx-Tx time difference,
DL PRS-RSRP
DL PRS-SINR
DL PRS RSTD1)
	Rel.16 UL SRS
	Rx-Tx time difference
UL SRS-RSRP
UL SRS-SINR

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


1) DL PRS RSTD measurement can be used for calculation of RTT with neighboring cells in case of accurate network synchronization
Analyzing Table 2, it can be seen that DL-TDOA is a superset of DL-AoD in terms of measurements and reference signals and therefore these techniques can be combined under common NR DL Positioning framework. In addition UL-TDOA and UL-AoA, require common reference signaling and therefore can be also combined under common NR UL Positioning framework.


DL-TDOA and DL-AoD can be combined under common NR DL Positioning framework
UL-TDOA and UL-AoA can be combined under common NR UL Positioning framework
Conclusion
In this contribution, we have provided our views on UE and gNB measurements for NR Positioning. In summary, we have following proposals:

Proposal 1: 
For RSTD measurement, the received timing of the target TRP can be determined based on a single DL PRS Resource, subset of DL PRS Resource IDs of a DL PRS Resource Set, or a DL PRS Resource Set associated with the target TRP
RSTD measurement is defined as the relative time difference of the received timings TRX-i and TRX-j acquired by UE based on processing of a subset of reference signals on DL PRS Resources of DL PRS Resource Set associated with a target and reference TRPs
Proposal 2: 
Use of RX diversity for received timing estimation is left up to UE implementation and is not specified by measurement definition
Proposal 3: 
Two methods are supported by NR for UE Rx-Tx measurements
Method 1: UE Rx-Tx 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 Rx-Tx measurements are obtained through ranging with multiple cells/TRPs (including serving(reference) and neighbor cells/TRPs)
Proposal 4: 
For UE Rx-Tx time difference measurement, the received timing of the target TRP is determined based on either a single DL PRS Resource, subset of DL PRS Resource IDs of a target DL PRS Resource Set, or a target DL PRS Resource Set
UE Rx – Tx time difference is defined as TUE-RX – TUE-TX, where TUE-RX is UE received timing acquired by UE based on processing of a subset of reference signals on DL PRS Resources of DL PRS Resource Set of frame #i and TUE-TX is the UE transmit timing for UL frame #i
Proposal 5: 
UE Rx-Tx time difference measurements are supported for intra-frequency and inter-frequency scenarios
Proposal 6: 
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
Proposal 7: 
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
Proposal 8: 
NR supports UL AoA measurements for the first arrival path of channel impulse response
UL-AoA is measured and reported for each configured UL SRS Resource (UE Tx Beam)
UL-AoA is measured and reported per gNB Rx beam (DL PRS Resource ID)
Proposal 9: 
For NR positioning techniques based on UL timing estimation, the following measurements are supported for UL SRS (PRS) signals
UL SRS (PRS) SINR
UL SRS (PRS) RSRPFAP
Can be replaced by K-Factor indication
Proposal 10: 
Metrics for quality of measurements can be define per Resource or Resource Set level
Support SINR and RSRP measurements as a baseline single-shot indicators of measurement quality applicable for aperiodic reporting
Support metric of measurement quality composed of the following components:
Resolution
Standard Deviation (STD)
Number of samples used for standard estimation deviation
Maximum number of samples to be used for standard estimation deviation is controlled and configured by network
Standard deviation is measured over X = 90% of samples excluding Y = 10% of potential outliers
Proposal 11: 
NR supports signaling to configure UE with DL PRS Measurement Report (DPMR) settings
Proposal 12: 
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
For DL PRS RSTD measurements,
UE is configured whether to provide single or multiple (M) RSTD measurements per DL PRS Resource Set (i.e. whether RSTD measurement and report should be done per configured DL PRS Resource ID or 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
Proposal 13: 
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.) 
Periodicity of DL PRS Measurement Report (for periodic and semi-persistent reporting)
Type of RSTD report
per DL PRS Resource or per DL PRS Resource Set
Type of UE Rx-Tx time difference report
per DL PRS Resource or per DL PRS Resource Set
multi-cell ranging or serving cell ranging + RSTD with neighbor cells
Proposal 14: 
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
Proposal 15: 
· 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)
Proposal 16: 
· 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
Proposal 17: 
· Agree on mapping b/w NR positioning techniques, reference signals and measurements as provided in Table 1.
Proposal 18: 
· Define DL PRS and UL PRS SINR measurements (i.e. for Rel-16 DL PRS and UL SRS (PRS))
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RAN1 Agreements

	Agreement:
Select one (or more) of the following options for the definition of the RSTD
· Option 1: RSTD is defined as the time difference with respect to the subframe timings associated with the different TPs;
· Option 2: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resource sets of different TPs
· Option 3: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resources of different TPs
· Note: Definition of the RSTD applies at least to the RSTD measurements obtained from DL PRS. It does not preclude the RSTD obtained from other DL RS.
Agreement:
For FR1, the reference point of the RSTD measurement is the Rx antenna connector of the UE
For FR2, RAN1 has considered the following options as the reference point of the RSTD measurement. The final decision is up to RAN4 on how to define the reference point of the RSTD measurement. 
· Option 1: the combined signal from antenna elements corresponding to a given receiver
· Option 2: the Rx antenna of the UE
Agreement:
DL PRS-RSRP is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port that carry a DL PRS resource configured for RSRP measurements within the considered measurement frequency bandwidth
· FFS: DL PRS-RSRP for 2 ports, if 2 port transmission of a DL PRS is agreed.
Agreement:
For FR1, the reference point for the DL PRS-RSRP is the Rx antenna connector of the UE;
For FR2, DL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch
Agreement:
When receiver diversity is in use by the UE to obtain the DL PRS-RSRP measurement, the reported DL PRS-RSRP value shall not be lower than the corresponding DL PRS-RSRP of any of the individual receiver branches
Agreement:
Support inter-frequency DL PRS-RSRP measurements for NR positioning in Rel-16 when the UE is in RRC_CONNECTED state.
Agreement:
UE can be indicated to report the DL PRS Resource ID(s) or the DL PRS Resource set ID(s) associated with the DL PRS Resource ID(s) or the DL PRS Resource set(s), which are used in determining the UE measurements (DL RSTD, UE Tx-Rx time difference, DL PRS-RSRP) in UE measurement reporting.
Agreement:
Support reporting separate metric(s) corresponding to quality of each of the following measurements
· RSTD
· UE Rx-Tx time difference
· UL-RTOA
· gNB Rx-Tx time difference
· UL angle of arrival, including the azimuth of arrival (AoA) and the zenith of arrival (ZoA)
FFS: The details of these quality metrics
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