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In RAN1 AH-1901 meeting [1], it is agreed that DL-AoD based positioning techniques should be supported in NR:Agreement:
· NR should support angle (DL-AoD) based DL-only positioning techniques with at least beam sweeping at least at the gNB in FR1 and FR2
· Note: This does not necessarily need different reference signals from the timing based DL-only positioning techniques

This agreement has been also captured in TR 38.855 [2]. 
In RAN#96b meeting [3], the concept of PRS Resources and PRS Resource sets are defined: Agreement:
· A DL PRS Resource Set is defined as a set of DL PRS Resources, where each DL PRS Resource has a DL PRS Resource ID
· The DL PRS Resources in a DL PRS Resource set are associated with the same TRP
· A DL PRS Resource ID in a DL PRS Resource set is associated with a single beam transmitted from a single TRP (A TRP may transmit one or more beams)
· Note: This does not have any implications on whether the TRPs and beams from which signals are transmitted are known to the UE. 


Regarding RSTD measurement, we have following agreement in RAN1#97 [4]: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.







Regarding PRS RSRP measurement, the following agreement is achieved in RAN1#97 meeting [4]: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.

The following RAN1#97 agreement [4] applies to general UE measurement for positioning: 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.


Regarding measurement quality metric(s), we have the following agreement in RAN1#97 meeting [4]: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


In this contribution, for DL-AoD, we provide our views on how UE performs measurement and how UE may reduce the overhead of reporting measurement results. We also provide our views on several un-finalized issues regarding UE measurement.

DL-AoD positioning framework and methods for reducing UE RSRP reporting overhead
The DL-AoD positioning may work as follows (see Figure 1 for an illustration): 
Step 1: The network configures an UE to measure RSRP for several PRS resource sets
· Note: A PRS resource set is associated with a TRP
Step 2: Each TRP transmits PRS on time/frequency resources specified by PRS resources of a PRS resource set
· Note: A PRS resource is associated with a Tx beam and a PRS resource ID
Step 3: The UE measures PRS transmitted from TRPs and reports measurement results to the network
Step 4: The network estimates the AoDs based on the UE’s RSRP report
Step 5: The location server estimates the UE’s position by using the estimated AoDs

[image: ]
Figure 1: an illustration of DL-AoD positioning framework

For limited-resolution use cases (i.e., the requirement of positioning precision is relatively low), for a PRS resource set, it may be sufficient that the UE only reports the PRS resource ID corresponding to the PRS resource with the strongest measured RSRP.

For high-resolution use cases, to reduce the UE reporting overhead, we have the following proposals:Proposal 1: For high-resolution DL-AoD based positioning, an UE may select a subset of all measured PRS resource sets, and report only RSRPs measured from the selected PRS resource sets. UE may not need to report RSRPs measured from non-selected PRS resource sets. A method for UE to select PRS resource sets is given as follows:  
· The network configures the parameters  to an UE
· For an UE, let  be the number of cells with measured RSRP greater than  
· If , then UE selects best (maximum power)  cells
· If , then UE selects best  cells 
FFS: values of 


Note that under this proposal: 
· A RSRP threshold  is configured by the network to a UE in order to help UE to rule out TRPs with poor RSRP values 
· An UE is configured to select at most  or at least  PRS resource sets, and only report RSRP measured from theses selected PRS resource sets
· Furthermore, if , then an UE simply select  best PRS resource sets for RSRP reporting. Thus this method also allows an UE to perform a simple selection of PRS resource sets
Simulation results regarding proposal 1 is given in Appendix 1.Proposal 2: For high-resolution DL-AoD based positioning, an UE may select a subset from all measured PRS resources of a PRS resource set, and only report RSRP measured from the selected PRS resources. UE may not need to report RSRPs measured from non-selected PRS resources. A method for UE to select PRS resources is given as follows:  
· The network configures a parameter k to the UE
· For a PRS resource set, the UE selects k PRS resources such that the RSRPs measured from these k PRS resources are larger than that measured from the other PRS resources
FFS: value range of k

In other words, the method in proposal 2 allows UE to select beams from all PRS beams transmitted from a cell and only report RSRPs measured from the selected beams. The idea is that UE may select best k beams for RSRP reporting. Simulation results regarding proposal 2 is given in Appendix 2.

The following proposal further reduces UE RSRP reporting overhead and unify the reporting format:Proposal 3: 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. A method for UE to report RSRP ratios or differential RSRPs is given as follows:
· Suppose  is the RSRP measured from PRS resource with ID k, k = 1,2,…,N
· Suppose  is a maximum RSRP, i.e.,    for k = 1,2,…,N
· Then UE reports the PRS resource ID m, but UE does not report 
· For PRS resource with ID j, where , UE reports j and  to the network, where  or 
FFS: value range and quantization level of RSRP ratios or differential RSRPs

[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In other words, for a cell, the method in proposal 3 allows an UE to report the beam index (PRS resource ID) of the beam with maximum measured RSRP without reporting the maximum measured RSRP. For the other beams, the UE reports beam indices and RSRP ratios (or differential RSRPs) with respect to the beam with maximum measured RSRP.
Finally, there should be a limit on the number of cells and the number of beams that network may configure UE to do measurement. Setting too large values for these two numbers may lead to extra effort for UE without having performance gain. Based on our simulation results (see Appendix 1 and 2), we have the following proposal:Proposal 4: For DL-AoD based positioning, it is sufficient to use the following configurations:
· UE can be configured to do PRS-RSRP measurement for at most 8 cells 
· For each cell, UE can be configured to do RSRP measurement for at most 8 PRS beams



Other aspects on UE measurement
In the early stage of NR commercial deployment, it is likely that a deployment may contain mixed E-UTRAN and NR nodes. The positioning performance should not be compromised in such scenarios. Proposal 5: NR supports RSTD measurements with mixed E-UTRAN and NR nodes


Regarding the definition of RSTD, our view is that the definition of RSTD should simply reflect the PRS arrival timing differences between cells. Since a PRS resource corresponds to a PRS beam, and a PRS resource sets is a collection of PRS resources, the concept of PRS resource (set) is related to beamforming/beamsweeping which aims to improve the PRS signal quality for UE’s reception. Thus, there is no need to define RSTD as the time difference with respect to the timings associated with the PRS resource or PRS resource set. In addition, such a definition will increase the UE’s reporting overhead. 
Based on above, we have the following proposal:Proposal 6: RSTD is defined as the time difference with respect to the subframe timings associated with the different TPs

Namely, we support option 1 in RAN1#97 agreement on RSTD definition.
The same reasoning for RSTD definition applies to the definition of UE Rx-Tx time difference.Proposal 7: UE Rx-Tx time difference is defined with respect to the frame timing associated with the cell


Regarding number of ports for PRS-RSRP measurement, considering the possible UE polarization loss, the PRS-RSRP measurement can be more robust if gNB can transmit PRS with cross polarization over 2 ports and UE can measure PRS from these 2 ports. The positioning accuracy is expected to be improved accordingly. Proposal 8: If 2 port transmission of a DL PRS is agreed, then UE may support PRS-RSRP measurement for 2 ports. If UE measures PRS-RSRP from 2 ports and report one PRS-RSRP, UE should report the RSRP with larger value



Regarding the quality metric for RSTD measurement, the OTDOA-MeasQuality defined in TS 36.355 (LPP) [5] can be a starting point. Specifically, OTDOA-MeasQuality in LPP is defined as follows:
OTDOA-MeasQuality ::= SEQUENCE {
	error-Resolution		BIT STRING (SIZE (2)),
	error-Value				BIT STRING (SIZE (5)),
	error-NumSamples		BIT STRING (SIZE (3))				OPTIONAL,
	...
}
The error-Resolution has four options: 5, 10, 20, or 30 meters. The error-Value describes the range of uncertainty of the measured RSTD, and the width of the range depends on the value of error-Resolution. For example, error-Resolution = 20 m corresponds to error-Value = 0-19 m, or 20-39 m, …, or 620+ m.
Since in NR the subcarrier spacing can be larger than 15kHz, the time unit can be smaller than Ts = 32.6ns in LTE, and hence the resolution may be smaller than 5 meters. A simple solution to reuse OTDOA-MeasQuality defined in LPP and accommodate the scalable numerology of NR is given as follows:Proposal 10: The OTDOA-MeasQuality in proposal 9 can also be used as the quality metric for UE Rx-Tx measurement.

Proposal 9: Reuse the OTDOA-MeasQuality defined in LPP as the quality metric for RSTD measurement in NR, and add one field “error-scalingFactor” to  OTDOA-MeasQuality. If error-scalingFactor is set to k, then error-Resolution is scaled by 1/k, i.e., error-Resolution = error-Resolution*(1/k). The value of error-scalingFactor may be 1,2,4,8.



Conclusions
The proposals are summarized below:
Proposal 1: For high-resolution DL-AoD based positioning, an UE may select a subset of all measured PRS resource sets, and report only RSRPs measured from the selected PRS resource sets. UE may not need to report RSRPs measured from non-selected PRS resource sets. A method for UE to select PRS resource sets is given as follows:  
· The network configures the parameters  to an UE
· For an UE, let  be the number of cells with measured RSRP greater than  
· If , then UE selects best (maximum power)  cells
· If , then UE selects best  cells 
FFS: values of 
Proposal 2: For high-resolution DL-AoD based positioning, an UE may select a subset from all measured PRS resources of a PRS resource set, and only report RSRP measured from the selected PRS resources. UE may not need to report RSRPs measured from non-selected PRS resources. A method for UE to select PRS resources is given as follows:  
· The network configures a parameter k to the UE
· For a PRS resource set, the UE selects k PRS resources such that the RSRPs measured from these k PRS resources are larger than that measured from the other PRS resources
FFS: value range of k
Proposal 3: 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. A method for UE to report RSRP ratios or differential RSRPs is given as follows:
· Suppose  is the RSRP measured from PRS resource with ID k, k = 1,2,…,N
· Suppose  is a maximum RSRP, i.e.,    for k = 1,2,…,N
· Then UE reports the PRS resource ID m, but UE does not report 
· For PRS resource with ID j, where , UE reports j and  to the network, where  or 
FFS: value range and quantization level of RSRP ratios or differential RSRPs
Proposal 4: For DL-AoD based positioning, it is sufficient to use the following configurations:
· UE can be configured to do RSRP measurement for at most 8 cells 
· For each cell, UE can be configured to do RSRP measurement for at most 8 beams
Proposal 5: NR supports RSTD measurements with mixed E-UTRAN and NR nodes
Proposal 6: RSTD is defined as the time difference with respect to the subframe timings associated with the different TPs
Proposal 7: UE Rx-Tx time difference is defined with respect to the frame timing associated with the cell
Proposal 8: If 2 port transmission of a DL PRS is agreed, then UE may support PRS-RSRP measurement for 2 ports. If UE measures PRS-RSRP from 2 ports and report one PRS-RSRP, UE should report the RSRP with larger value
Proposal 9: Reuse the OTDOA-MeasQuality defined in LPP as the quality metric for RSTD measurement in NR, and add one field “error-scalingFactor” to  OTDOA-MeasQuality. If error-scalingFactor is set to k, then error-Resolution is scaled by 1/k, i.e., error-Resolution = error-Resolution*(1/k). The value of error-scalingFactor may be 1,2,4,8.
Proposal 10: The OTDOA-MeasQuality in proposal 9 can also be used as the quality metric for UE Rx-Tx measurement.
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Appendix 1
Consider the UMi FR1 scenario. In our simulation, UEs are configured to measure 7 cells (a cell is associated with a PRS resource set) for which UEs are in their 1200 cell coverage. See Figure 2 for an illustration, in which UEs dropped in cell 0 are configured to measure signals transmitted from cell 0, 3, 8, 11, 13, 16, 18. 
[image: ]
Figure 2: An illustration for the setting that UEs are configured to measure 7 cells for which UEs are in their 1200 cell coverage
Suppose all RSRP measurement results reported by an UE are used for estimating the UE position. In Figure 3, we compare the performance obtained by assuming two different UE behaviour (detailed simulation settings and positioning techniques are given in the appendix 3): 
· UE selects all 7 PRS resource sets
· UE selects best 4 PRS resource sets (PRS resource sets with maximum measured beam RSRPs)
[image: ]
Figure 3: For UMI FR1, performance comparison between UE selecting 4 or 7 PRS resource sets
From Figure 3 we see that UE selecting 4 best PRS resource sets for RSRP reporting dose not degrade positioning performance. 
Now consider the office FR2 scenario. Again in our simulation, UEs are configured to measure 7 nearest cells (a cell is associated with a PRS resource set) for which UEs are in their 1200 cell coverage.
In Figure 4, we compare the performance by assuming two different UE behaviour as mentioned above: 
[image: ]
Figure 4: For office FR2, performance comparison between UE selecting 4 or 7 PRS resource sets
From figure 4, we see that UE selecting 4 best PRS resource sets for RSRP reporting achieves much better performance. This is because by UE’s selection, the PRS resource sets corresponding to cells that are more close to UEs are selected with higher probability.
Consider again the office FR2 scenario, but assume each UE is equipped with 1 non-omni-direction Rx antenna element. In the following figure, we compare the positioning performance obtained by using the following 3 methods for UE to select cells for RSRP reporting:
· M1: UE selects best (maximum RSRP) 4 cells 
· M2: UE selects best 2 cells 
· M3: For an UE, let  be the number of cells with measured RSRP greater than  dB 
· If , then UE selects best 4 cells
· If , then UE selects best 3 cells 
For a selected cell, an UE selects all PRS resources (beams) and reports RSRPs measured from the selected PRS resources to the network.
[image: ]
Figure 5: Office FR2, performance obtained by using the different methods for UE to select cells for RSRP reporting under the assumption that UE is equipped with one omni-directional Rx AE
Note that the reporting overhead of M3 is not greater than M1. From Figure 5, we see that M3 has better performance than the other two methods, and the positioning accuracy is less than 4.4m for 80% of UEs.
Appendix 2
Consider the UMi FR1 scenario. Suppose a cell is associated with a PRS resource set consisting of 8 PRS resources, where a PRS resource corresponds to a Tx beam (i.e., every cell transmits PRS with 8 beams). Assume that an UE selects 4 best PRS resource sets for RSRP reporting as described in Appendix 1. 
In Figure 5, we compare the performance obtained by assuming the following two different UE behaviour: 
· UE selects all PRS resources of a PRS resource set
· UE selects a portion of measured PRS resources of a PRS resources set
[image: ]
Figure 6: For UMI FR1, performance comparison between UE selecting 8 and 6 PRS resources of a PRS resource set

From Figure 6, we see that by UE selecting 6 from 8 PRS resources, the performance is degraded but still meet the regulatory requirement.
Now consider office FR2 scenario. The simulation result is shown in Figure 7:
[image: ]
Figure 7: For office FR2, performance comparison between UE selecting 8 and 4 PRS resources of a PRS resource set
From Figure 7, we see that by UE selecting 4 from 8 PRS resources, the performance is degraded but still meet the commercial requirement.
Appendix 3
Simulation settings for UMa, UMi and office scenario are given below:
	Parameter
	UMi & UMa, FR1
	Office, FR2

	Channel model (baseline, otherwise state any modifications)
	Baseline
	Baseline

	Carrier frequency 
	4Gz
	30GHz

	Subcarrier spacing
	15kHz
	60kHz

	Reference Signal Transmission Bandwidth
	20MHz
	36MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	In a two-symbol PRS occasion:
1st symbol is comb-4 starting at RE 0
2nd symbol is comb-4 starting at RE 2
	In a two-symbol PRS occasion:
1st symbol is comb-4 starting at RE 0
2nd symbol is comb-4 starting at RE 2

	Reference signal (type of sequence, number of ports, …) 
	PN sequence, 
1 port
	PN sequence, 
1 port

	Number of sites
	7
	12

	Number of symbols used per occasion
	2
	2

	number of occasions used per positioning estimate
	10
	10

	Power-boosting level
	6.02 dB
	6.02 dB

	Uplink power control (applied/not applied)
	Not applied
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	RSRP = average power per RE

	RSRP = average power per RE


	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	AoD estimation: 
Cell beam pattern is known in advance, so a look-up table (LUT) saving the AoD and power of each beam can be constructed. 
UE reports the measured RSRP ratios of beams of a TP to the network 
AoDs are estimated by using the LUT and RSRP reported from UE
Transforming AoD estimation results to UE location:
Least-square estimator
	AoD estimation: 
Cell beam pattern is known in advance, so a look-up table (LUT) saving the AoD and power of each beam can be constructed. 
UE reports the measured RSRP ratios of beams of a TP to the network 
AoDs are estimated by using the LUT and RSRP reported from UE
Transforming AoD estimation results to UE location:
Least-square estimator

	Network synchronization assumptions
	Ideal
	Ideal

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Each cell performs beamsweeping with LCS α angle = [-52.5 -37.5 -22.5 -7.5 7.5 22.5 37.5 52.5] degrees.
Note these angles are equally 15-degree spaced and are centered at zero
	Each cell performs beamsweeping with LCS α angle = [-52.5 -37.5 -22.5 -7.5 7.5 22.5 37.5 52.5] degrees.
Note these angles are equally 15-degree spaced and are centered at zero

	Precoding assumptions 
	N/A
	N/A

	Additional notes, if any
	UE is equipped with one omni-directional antenna element
	Unless otherwise specified, UE is equipped with one omni-directional antenna element
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