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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN#83, a WI to standardize positioning [1] was approved. The objective for RAN1 includes the following aspects regarding physical layer measurements
	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



In this contribution, we discuss the physical layer measurements to enable NR positioning, including both UE measurements and NG-RAN (gNB) measurements. Some considerations on the timing measurement, the measurement quality indication to enhance positioning accuracy, and the multi-path related measurement are also provided. Finally, the mapping between positioning techniques and RSs/measurements is given to facilitate works for other working groups.

General issues for DL timing based measurement
Resource-specific or cell-specific
There was discussion in RAN1#96b on whether e.g. RSTD should be defined per resource. In our view, RS/beam-specific RSTD is not necessary, and RSTD should be defined on a per-cell (PRS resource set) basis, due to the following reasons.
· From the LMF point of view, RSTD only makes sense when a single RSTD is associated with a single transmission location, which is a TP, or a “cell” in LPP specification [3].
· RSTD is based on the timing difference between cells, and in TS 38.211 (DL/UL frame timing) and TS 38.215 (SFTD), all the timing related to a cell does not have to be tied with a resource.
· Even if the RSTD measurement can be based on an RS/beam, different RSs/beams could provide the same TOA measurement. Therefore, a TOA measurement should be avoided to be exclusively associated with a single RS/beam in the definition.
Figure 1 shows a typical channel impulse response at a Rx antenna element under different Tx beams using TR 38.901 channel model [2]. The evaluation assumption can be found in the Appendix A.
[image: ]
[bookmark: _Ref6664714]Figure 1 Channel impulse response under different Tx beams
Observation 1: In the measurement definition, tying timing measurement (e.g., RSTD, UE Rx – Tx time difference) to the timing from a cell is more reasonable than to the timing from a PRS resource.
The UE could still report the PRS resource ID along with RSTD in LPP [3] used to derive the TOA measurement. However, this would only be valid under the following conditions:
· The LMF knows the transmission direction related to the PRS resource ID.
· The reported resource ID is the one with maximum power of the first path among all resources in the resource set.
When the above conditions are met, it is no longer an OTDOA positioning, but rather a hybrid OTDOA-DAoD positioning.
Observation 2: If PRS resource ID is reported along with RSTD, it is no longer a pure OTDOA positioning, and additional information and requirement are needed to utilize the PRS resource ID information.
Therefore, we have the following proposal:
Proposal 1: DL timing based measurement, including RSTD and Rx – Tx time difference, is defined with respect to timing of a cell instead of a resource.
Proposal 2: For DL timing based measurement, the UE may report the PRS resource ID for deriving the timing of a cell
· FFS which PRS resource ID is selected.
Rx diversity
For the same reason, using multiple Rx beams does not change the timing difference between cells, we suggest not to capture the behavior of Rx diversity in timing based measurement.
Proposal 3: The behavior for Rx diversity in DL timing based measurement is left up to the UE implementation. 
However, similar to PRS resource ID reporting, the UE could still report the receive beam/panel information in LPP [3] for reflection identification. For example, different paths may be received by different panels at a UE, such as a direct path and a strong reflected path received by different panels. Due to partial blockage or the UE panel orientation, the strongest signal may not necessarily be the signal from the LOS path. In this situation, by reporting the Rx panel information, the LMF may have a chance to determine whether the signal is from a LOS path or a strong reflected path by analyzing the measurements obtained in the same RX panel with the signal from different TPs/beams. For instance, for a given TP, if the signal transmitted from other TPs which locates in the opposite side of the UE w.r.t this TP is received with good quality, the measurement for this TP is probably obtained from a reflected path and is less trustworthy.
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Figure 2 Panel specific measurement to identify reflection

Proposal 4: For DL timing based measurement, the UE can report the information related to receive beam/panel for deriving the timing of a cell
· FFS details of the information.
Reference point for FR2
Since Rx beamforming is in use for FR2, simply saying that TOA reference point is the combined the signal from antenna elements for a given receiver branch would add an offset/an extra delay between the reference point and the “average location of antenna element”. Fortunately, for RSTD, this offset could be common between two cells if the same panel is used to receive the PRS, and thus can be cancelled in RSTD calculation. For Rx – Tx time difference, the reference point for FR2 can be FFS.
Observation 3: It is feasible to define reference point for FR2 in RSTD definition as the combined signal from antenna elements corresponding to a given receiver branch.
Proposal 5: Reuse the reference point for RSTD in FR2 as the combined signal from antenna elements corresponding to a given receiver branch.
· FFS the reference point for Rx – Tx time difference.

Measurement definition
UE measurements
RSTD
The illustration of how RSTD is measured in LTE is shown in Figure 3. In our view the same principle can be used in NR.
Subframe x of reference cell i
Subframe y of neighbour cell j
RSTD
TSubframeRxi
TSubframeRxj

[bookmark: _Ref3465212]Figure 3 Illustration of RSTD

Based on the discussion in section 2, we propose the following definition of RSTD.
	Definition
	The relative timing difference between the neighbouring cell j and the reference cell i, defined as TSubframeRxj – TSubframeRxi, where TSubframeRxj is the time when the UE receives the start of one subframe from cell j, TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j.

For intra-frequency RSTD measurements, if the measurement gap is not configured, UE is not expected to measure the PRS resource(s) outside of the active downlink bandwidth part or with a different numerology from that of the active downlink bandwidth part.

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

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency



On the reference for RSTD, in RAN1#96b, we had the following agreements.
	Agreement:
· The network can indicate one or more of the following for the UE to use to determine a reference (reference time based on the DL PRS Resource ID(s)) for DL RSTD measurements. 
· A DL PRS Resource ID 
· A subset of DL PRS Resource IDs from a single DL PRS Resource set
· A DL PRS Resource set
Agreement:
· The UE may use different DL PRS Resource ID(s) (with the condition that the multiple DL PRS Resource IDs belong to a single DL PRS Resource set) or a different DL PRS Resource set for determining the reference for the RSTD measurement, and if it chooses to do so, it should report the DL PRS Resource ID(s) and/or the information on the DL PRS Resource set used to determine the reference



As discussed in section 2.1, the timing for RSTD determination should be cell-specific. It is natural that a reference for RSTD should correspond to a TP, i.e., a DL PRS resource set. The TP can be a TP from a serving cell, or a LOS TP from a neighbouring cell if LMF can have some prior information. UE may reselect another TP for RSTD calculation and reporting if the configured reference TP has a poor TOA quality.
Resource specific reference within a reference resource set may be problematic and the benefit of it is not clear.
· If reference resource is selected by LMF based on the matched direction between beam and UE location, LMF should have such prior information.
· Even if LMF has such prior information, LMF can anyway configure the PRS resource set to contain only a single PRS resource to reduce the UE receiving effort.
In summary, we have the following proposal:
Proposal 6: The reference for RSTD for both network configuration and UE reselection can be a resource set or a resource set ID.
PRS-RSRP
PRS-RSRP can be defined in a way as CSI-RSRP. It should be a resource specific measurement. In case of Rx diversity, UE should report the maximum RSRP across receive beams for a DL PRS resource. The reference point used in CSI-RSRP can be reused for PRS-RSRP. Since UE may perform inter-frequency measurement for PRS-based RSTD, it is natural for UE to also support inter-frequency measurement for PRS-RSRP.
Proposal 7: 
· Define resource specific PRS-RSRP.
· Specify the behavior of PRS-RSRP reporting in case of receiver diversity.
· Support inter-frequency measurement for PRS-RSRP.
The port indexing and antenna port(s) used for RSRP measurement are dependent on whether 2-port PRS is supported, and if so the RSRP should be the average between 2 ports.
In summary, we propose the following definition for PRS-RSRP.
	Definition
	PRS reference signal received power (PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port(s) that carry positioning reference signals configured for RSRP measurements within the considered measurement frequency bandwidth in the configured PRS occasions.

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

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

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

For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported PRS-RSRP value shall not be lower than the corresponding PRS-RSRP of any of the individual receiver branches.

	Applicable for
	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



UE Rx – Tx time difference
To extend the UE Rx – Tx time difference to NR, we need to consider the changes with respect to neighbouring cells, especially when serving cells and neighbouring cells are not synchronized. 
As in our companion contribution [5], SRS configuration/transmission timing is based on the serving cell, while PRS configuration/transmission timing is based on the neighbouring cell, and if two RS resources used to derive the cell timing is not synchronized, a similar mechanism to RSTD definition should be used. For example, the UL system frame or subframe of the serving cell can be selected to be the one that is closest in time to the DL system frame or subframe of the neighbouring cell.
Figure 4 illustrates how Rx – Tx time difference is measured. UE has to evaluate the Rx time based on the reception of DL RS from a cell that it attempts to measure RTT, and UE derives the Tx time based on the timing from the serving cell. The same issue exists for gNB Rx – Tx time difference, which will be discussed in section 3.2.3.
gNB
UE
Receive timing of DL SFN #i of the neighbouring cell
Transmit timing of UL SFN #j of the serving cell targeting the neighbouring cell
TUE-Rx
TUE-Tx
Transmit timing of DL SFN #i of the neighbouring cell
Receive timing of UL SFN #j of the serving cell targeting the neighbouring cell
gNB Rx – Tx time difference
TgNB-Tx
TgNB-Rx
UE Rx – Tx time difference

[bookmark: _Ref3542734]Figure 4 UE Rx-Tx time difference when Rx and Tx time are measured from different cells
The definition is given as follows:
	UE Rx-Tx time difference
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

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

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

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

	Applicable for
	RRC_CONNECTED intra-frequency



NG-RAN measurement
UL-RTOA
In LTE, UL-RTOA was specified as the LMU measurement, where LMU attempts to detect SRS within the window, and further measures the UL-RTOA, shown in Figure 5. The UL-RTOA reference time could be the DL timing of the subframe where SRS is configured or any other time stamp as long as a valid UL-RTOA can be mapped.
Subframe i
Subframe i+1
RTOA reference time
Subframe i+1
SRS
UL-RTOA
Rx of LMU
Subframe i

[bookmark: _Ref3553908]Figure 5 Illustration of RTOA in LTE
In term of UL-RTOA measurement, the following differences from LTE should be considered for NR:
· No LMU is specified in NR and it is gNB that receives SRS.
· SRS may be transmitted directionally so multiple SRS resources may be needed.
· SRS resource configuration is more flexible.
As discussed in our companion paper [6], we propose to support indication to the neighbouring cell of the SFN initialization time of the serving cell. With the SFN initialization time, and SRS configuration, the neighbouring gNB can determine the subframe that contains the SRS and set the beginning of the subframe as the RTOA reference time. Therefore, we propose the following definition for UL-RTOA as a starting point.
	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received at a gNB j relative to the beginning of subframe i of the serving gNB derived in reference to its SFN initialization time. 

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



SRS-RSRP
SRS-RSRP has already been proposed in CLI, where the measurement is carried out by UE. The definition can be reused for gNB measurement. 
	Definition
	SRS reference signal received power (SRS-RSRP) is defined as linear average of the power contributions (in [W]) of the resource elements carrying sounding reference signals (SRS).

SRS-RSRP shall be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions.

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

For frequency range 1 and 2, if receiver diversity is in use, the reported SRS-RSRP value shall not be lower than the corresponding SRS-RSRP of any of the individual receiver branches.



gNB Rx – Tx time difference
As discussed in UE Rx – Tx time difference in section 3.1.3, we assume that UE Tx is synchronized to the serving cell. Figure 4 also illustrates how gNB Rx – Tx time difference is measured. gNB has to evaluate the Rx time based on the reception of UL RS from a UE in a neighbouring cell and derives the Tx time based its own timing. 
The definition is given as follows:
	gNB Rx-Tx time difference
	The gNB Rx – Tx time difference is defined as T gNB-RX – TgNB-TX

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

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

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



Azimuth angle of arrival (AoA)
The illustration of how AoA is measured is shown in Figure 6.

North
West
Horizontal plane


zenith

[bookmark: _Ref3796340]Figure 6 Illustration of AoA and ZoA

Unlike LTE, since 3D MIMO is commonly deployed in NR, we split the angle into azimuth angle (AoA) and zenith angle (ZoA), where AoA is defined within the horizontal plane, into which the 3D direction projects, relative to the geographical North, as denoted by  in Figure 6. The terminology of AoA should not preclude the acquisition based on DL signals, e.g., AoD, since both AoA in a narrow sense (based on UL measurement) and AoD represent the same physical parameter, i.e., the direction of UE, and can be included in the AoA definition in a wide sense. The definition is given as follows:
	Definition
	AoA defines the estimated angle of a user in the horizontal plane with respect to a reference direction. The reference direction for this measurement shall be the geographical North, positive in a counter-clockwise direction.

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



Zenith angle of arrival (ZoA)
The illustration of how ZoA is measured is also shown in Figure 6. ZoA is defined as the angle towards zenith, taken from [0, 180] degrees, as denoted by  in Figure 6. For example,  points to the zenith, and  points the horizon. The terminology of ZoA should not preclude the acquisition based on DL signals, e.g., ZoD, since both ZoA in a narrow sense (based on UL measurement) and ZoD represent the same physical parameter, i.e., the direction of UE, and can be included in the ZoA definition in a wide sense. The definition is given as follows:
	Definition
	ZoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the zenith.

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



Measurement quality
Since positioning involves multiple base stations that have different levels of signal quality, the measurements based on the signals from those stations also have different levels of reliability. To completely exclude those less reliable measurements would limit the availability of UE. Therefore, a soft-combining based on all measurements where the reliable measurement has a heavy weight would be more desired.
In LTE, RSTD quality was introduced in OTDOA [3]. For NR, we have identified the following measurement quality at either gNB or UE.
· UE measurement quality
· RSTD quality
· UE Rx – Tx time difference quality
· gNB measurement quality
· UL-RTOA quality
· gNB Rx – Tx time difference quality
· AoA/ZoA quality
Those qualities should be reported to LMF either by the UE or by the gNB along with the corresponding measurement. The details on how a quality can be quantized are FFS.
Proposal 8: Define a measurement quality for the following measurements:
· UE measurement quality
· RSTD quality
· UE Rx – Tx time difference quality
· gNB measurement quality
· UL-RTOA quality
· gNB Rx – Tx time difference quality
· AoA/ZoA quality
Timing measurement
For timing measurement, LTE assumes uniform distribution of RSTD error within an uncertainty range. The uncertainty range is given by OTDOA-MeasQuality. The same mechanism can be considered for NR as a starting point. 
OTDOA-MeasQuality ::= SEQUENCE {
	error-Resolution		BIT STRING (SIZE (2)),
	error-Value				BIT STRING (SIZE (5)),
	error-NumSamples		BIT STRING (SIZE (3))				OPTIONAL,
	...
}

Proposal 9: LTE RSTD uncertainty range can be considered as the starting point to quantize the quality of the following timing measurements:
· RSTD
· UE Rx – Tx time difference
· UL-RTOA
· gNB Rx – Tx time difference
Angle measurement
For angle measurement, there was no definition in LTE. The angle error can be model as for example:
· Uniform distribution
· (Truncated) Gaussian distribution
Given a distribution of angle error, a set of parameters can be further specified to quantize the distribution. For uniform distribution, the parameter can be the uncertainty range; for (truncated) Gaussian distribution, the parameter can be the variance.
We run simulation to show the distribution of angle error for AoA and ZoA, in Figure 7. The red solid curve denotes the fitted Gaussian distribution. The simulation assumptions can be found in the Appendix.
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[bookmark: _Ref7517374]Figure 7 Error distribution of estimated AoAs (left) and ZoAs (right)

Observation 4: The angle error can be modelled as Gaussian distribution.
Proposal 10: Study how to quantize the quality of the angle measurements.
SRS-RSRP
SRS-RSRP measurement at serving and neighboring gNBs was agreed for positioning in SI [7] and WI description [1]. Using SRS-RSRP along with UL-RTOA, and AOA/ZOA reporting, LMF can identify the channel condition along with the measurement and quality of UL-RTOA and AOA/ZOA.
[bookmark: _GoBack]Proposal 11: The gNB can report SRS-RSRP along with UL-RTOA and AOA/ZOA measurement and measurement quality.

Multi-path measurement 
In the context of discussing multi-path measurement, we are not revisiting the definition of RSTD, angle, Rx – Tx time difference, etc. The multi-path measurement can be specified in LPP [3] or NRPPa [4] as additional reporting content to improve the robustness.
Timing measurement
In case of multipath, UE or gNB may have difficulty identifying the first valid path. For example, due to interference, a “ghost path” arriving earlier than the real first path may be selected for RSTD or Rx – Tx time difference measurements, especially for some remote cells. In LTE Rel-14, additional path information reporting was supported for both reference cell and neighbouring cells.
OTDOA-SignalMeasurementInformation ::= SEQUENCE {
	
	neighbourMeasurementList	NeighbourMeasurementList,
	
	[[ 
		additionalPathsRef-r14	
							AdditionalPathList-r14	OPTIONAL,
	]],
	
}

NeighbourMeasurementList ::= SEQUENCE (SIZE(1..24)) OF NeighbourMeasurementElement

NeighbourMeasurementElement ::= SEQUENCE {
	
	[[ 
		additionalPathsNeighbour-r14	
							AdditionalPathList-r14	OPTIONAL,
	]],
	
}

AdditionalPathList-r14 ::= SEQUENCE (SIZE(1..maxPaths-r14)) OF AdditionalPath-r14

maxPaths-r14    INTEGER ::= 2

AdditionalPath-r14 ::= SEQUENCE {
	relativeTimeDifference-r14	INTEGER (-256..255),
	path-Quality-r14			OTDOA-MeasQuality				OPTIONAL,
	...
}

This could also be applicable to NR to provide robustness against multi-path propagation, and LMF could take into account all reported paths each with its quality to locate the UE. As discussed in section 2.1, different Tx beams may have different weights on paths with different angles, and resulting different perceived power of a path. It can be further discussed how to associate a path with a Tx beam.
Proposal 12: NR supports multi-path measurements to enhance robustness and accuracy.
Angle measurement
Similar to timing measurement, the angle of each path may also be considered to enhance the robustness against multi-path.
For UL angle measurement, it is performed by gNB. gNB can extract paths in the time domain and estimate the angle of each path. In reporting, each path can have both a delay and an angle estimate.
For DL angle measurement, it is based on UE measurement on RSRP, and gNB to resolve the angle based on RSRP. In order to support multi-path angle estimate, UE can estimate the receive power path-by-path across multiple PRS resources. In reporting, each path can have both a delay and a set of power estimates across PRS resources in a resource set, shown in Figure 8.

gNB
UE
1st path
2nd path
PRS resource #0
PRS resource #1
PRS resource #2

[bookmark: _Ref6661830]Figure 8 Multi-path DL angle measurement
Proposal 13: 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.

Mapping between positioning techniques and RS/measurements
We summarize the mapping in Table 1 based on the discussions in the study item. Note that we only list the essential RSs/measurements that make the positioning technique work. Other measurements to improve the performance could be considered further.

[bookmark: _Ref3811446]Table 1 Mapping between positioning techniques and measurements
	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.



Proposal 14: Send an LS to RAN2/RAN3 to inform them of the mapping between positioning technique and the essential RSs/measurements summarized in Table 1

[bookmark: _Ref129681832]Conclusion
In this contribution, we have provided our view on measurement to be specified for NR positioning. Based on the discussion, we have the following proposals:
Observation 1: In the measurement definition, tying timing measurement (e.g., RSTD, UE Rx – Tx time difference) to the timing from a cell is more reasonable than to the timing from a PRS resource.
Observation 2: If PRS resource ID is reported along with RSTD, it is no longer a pure OTDOA positioning, and additional information and requirement are needed to utilize the PRS resource ID information.
Observation 3: It is feasible to define reference point for FR2 in RSTD definition as the combined signal from antenna elements corresponding to a given receiver branch.
Observation 4: The angle error can be modelled as Gaussian distribution.
Proposal 1: DL timing based measurement, including RSTD and Rx – Tx time difference, is defined with respect to timing of a cell instead of a resource.
Proposal 2: For DL timing based measurement, the UE may report the PRS resource ID for deriving the timing of a cell
· FFS which PRS resource ID is selected.
Proposal 3: The behavior for Rx diversity in DL timing based measurement is left up to the UE implementation. 
Proposal 4: For DL timing based measurement, the UE can report the information related to receive beam/panel for deriving the timing of a cell
· FFS details of the information.
Proposal 5: Reuse the reference point for RSTD in FR2 as the combined signal from antenna elements corresponding to a given receiver branch.
· FFS the reference point for Rx – Tx time difference.
Proposal 6: The reference for RSTD for both network configuration and UE reselection can be a resource set or a resource set ID.
Proposal 7: 
· Define resource specific PRS-RSRP.
· Specify the behavior of PRS-RSRP reporting in case of receiver diversity.
· Support inter-frequency measurement for PRS-RSRP.
Proposal 8: Define a measurement quality for the following measurements:
· UE measurement quality
· RSTD quality
· UE Rx – Tx time difference quality
· gNB measurement quality
· UL-RTOA quality
· gNB Rx – Tx time difference quality
· AoA/ZoA quality
Proposal 9: LTE RSTD uncertainty range can be considered as the starting point to quantize the quality of the following timing measurements:
· RSTD
· UE Rx – Tx time difference
· UL-RTOA
· gNB Rx – Tx time difference
Proposal 10: Study how to quantize the quality of the angle measurements.
Proposal 11: The gNB can report SRS-RSRP along with UL-RTOA and AOA/ZOA measurement and measurement quality.
Proposal 12: NR supports multi-path measurements to enhance robustness and accuracy.
Proposal 13: 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.
Proposal 14: Send an LS to RAN2/RAN3 to inform them of the mapping between positioning technique and the essential RSs/measurements summarized in Table 1
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Appendix A
Evaluation assumptions for section 2.1 are shown in Table 2.
[bookmark: _Ref6665566]Table 2 Parameter of evaluation of channel impulse response
	Channel model
	CDL-A 30ns

	Carrier frequency
	30GHz

	Tx antenna configuration
	(M,N,P) = (4,8,1)

	Tx beam pattern
	Horizontal: 8 DFT beam sweeping 
Vertical: Fixed DFT beam

	Rx antenna configuration
	Single antenna



Appendix B
Evaluation assumptions for section 4.2 are shown in Figure 9 and Table 3.
gNB Rx panel
UE Tx


[bookmark: _Ref4600111]Figure 9 Layout of gNB and UE
[bookmark: _Ref7518015]Table 3 Parameters for AoA/ZoA quality measurement 
	Parameter
	Value
	Description

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ
The polarization angles are 45° and -45°.
	

	gNB antenna radiation pattern
	8dBi
	TR 38.901

	UE antenna configuration
	(M, N, P) = (1, 1, 2)
The polarization angles are 0° and 90°.
The antenna elements of the same polarization of the same panel is virtualized into one TXRU.
	

	UE antenna radiation pattern
	5dBi
	TR 38.901

	gNB panel orientation
	
	 is based LCS-GCS transform defined in TR 38.901.

	UE direction
	,  uniform [-1:1]
ZoD = , : uniform [-1:1]
	AoD/ZoD is based on the definition in TR 38.901.

	UE antenna orientation
	, d: uniform [-2,2]
: uniform [-2,2]

	 is based LCS-GCS transform defined in TR 38.901.

	Channel condition
	Single-path LOS
	

	SNR
	-30dB
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