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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#98 [1], significant progress was made in physical layer measurement for NR positioning. In this contribution, we continue to discuss the remaining issues. Meanwhile, the measurement procedures related to DL-AoD, and E-CID are presented. We also discussed some measurement enhancements, such as multi-path reporting, multi-angle reporting, and L1 measurement reporting. Finally, we discuss how to quantize the measurement and the measurement quality.

Remaining issue of measurement definition
Inter-RAT RSTD
E-UTRA
NR
NR

Figure 1 illustration of positioning with both E-UTRA and NR radio access
In Rel-15, RSTD with respect to E-UTRA cells is defined as an NR UE inter-RAT measurement. Now that NR cells also transmit PRS, it is reasonable that both E-UTRA cells and NR cells should have its own RSTD measurements. The point is whether the RSTD between two RATs should be further exploited in addition to the RSTDs within a RAT. In our view, it is obviously helpful especially considering the regulatory requirements.
Meanwhile, for an EN-DC UE, the SFTD between LTE PCell and NR PSCell has already been specified. It is expected that the measurement can be easily extended from between serving cells to between a serving cell and a neighbouring cell, or even between two neighbouring cells.
Therefore, we think that specifying RSTD between an E-UTRA cell and an NR cell is useful, with a very small specification impact.
Proposal 1: Support RSTD as an inter-RAT measurement between an E-UTRA cell and an NR cell. 
· Note that it is an NR UE capability. FFS whether it is an LTE UE capability.

Beam reporting
As shown in our previous contribution [7], different beams would have a different weight on each individual path, shown in Figure 2 [7]. So when it comes to the PRS resource ID reporting associated with RSTD or UE Rx – Tx time difference reporting, the reported PRS resource ID should be carefully selected. 
It is possible in some scenarios, the direct path is attenuated, so that the power of the direct path is lower than a reflecting path. By Tx and Rx beamforming, the power of the first path will be strengthened if the beamform direction is aligned with it. The receiver should be able to compare the power of the first path across multiple Tx-Rx beam pairs, and select the beam that maximize the power of the first path. It is only under this operation will the beam reporting be useful at the location server.
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[bookmark: _Ref19634871]Figure 2 CIR observed in different beams

Based on the discussion, we have the following proposal.
Proposal 2: For both RSTD and UE Rx – Tx time difference reporting, when UE reports the PRS resource ID, UE should select the one that maximizes the power of the first path among all the PRS resources within the PRS resource set associated with a TRP.
From gNB side, one unresolved issue is whether a beam at gNB side or at UE side should be reported associated with UL-RTOA or gNB Rx – Tx time difference reporting. In our view, only the DL beam makes sense since UE orientation may not resolved at the location server. In case SRS transmission beam is associated with some DL RS from a TRP, the source is still the DL beam instead of the SRS beam. Therefore, we suggest to report the PRS resource ID.
Proposal 3: For both UL-RTOA and gNB Rx – Tx time difference reporting, support gNB to optionally report the DL PRS ID, assuming the same beam has been used to receive SRS.
Proposal 4: For both UL-RTOA and gNB Rx – Tx time difference reporting, when gNB reports the PRS resource ID, gNB should select the one that maximizes the power of the first path across all the beams used for PRS transmission and across the SRS resources associated with the UE.
In order for the LMF to utilize the beam reporting, i.e., PRS ID reporting either from UE (DL) or gNB (UL) measurement, LMF should be aware of the beam direction related to the PRS ID. This requires gNB to report the beam direction in advance to the LMF. Since gNB would anyway upload its PRS configuration through OTDOA INFORMATION REQUEST in the current NRPPa specification, the beam direction can be uploaded along with it. Note that since PRS can be used not only for DL-TDOA, we suggest to add new messages to NRPPa to include NR PRS configuration from gNB to LMF. The message can be DL INFORMATION REQUEST and DL INFORMATION RESPONSE as an extension of OTDOA INFORMATION REQUEST and OTDOA INFORMATION RESPONSE, respectively.
Proposal 5: Support LMF to request and gNB to provide the angle information associated with DL-PRS, in the respective NRPPa messages.
· Send an LS to RAN3.

Reference point at gNB
In RAN4#92 [8], there was discussion on reference point for gNB. It seems like that RAN4 also involved potential changes in FR1. In TS 38.104, three BS types are defined for FR1, namely 1-C, 1-H, and 1-O, and only one BS type is defined for FR2, namely 2-O. The availability of antenna connector for FR1 is also dependent on the BS types for FR1. Therefore, the previous agreement regarding reference point of gNB in FR1 should be revisited if RAN4 has conclusion on it.
	Timing related measurement at gNB
· The reference point of timing related measurements in FR2:
· Option 1: the combined signal from antenna elements corresponding to a given receiver
· Supporting company: Intel
· Option 2: the Rx antenna of the gNB
· Supporting company: CATT, Huawei, Qualcomm
· Option 3: The reference point for base station timing related measurements (e.g., Rx-Tx or Timing Advance Type 2) shall be defined not with respect to FR1 or FR2 but depending on the base station type and the associated radiated/conducted interfaces and sets of the requirements
· Supporting company: Ericsson
Intel: we need more time.
Nokia: We have the different type definitions. We have definitions in place for 1-H…
Ericsson: I do not think all the companies agree on any agreement. 
Agreement: the reference point for base station depends on the base station types which are defined in RF session.



Observation 1: The reference point at gNB for FR1 in the previous agreements should be revisited based on RAN4 input.

UE/gNB Rx – Tx time difference
Synchronized or unsynchronized cells
The first question is whether to allow serving cells and neighbouring cells to be not synchronized in term of SFN/subframe timing. In our view, designing RTT under the premise that serving cells and neighbouring cells may not be synchronized offers a much wider scenario without breaking the general assumption for cell synchronization. 
· In the LS series: R2-1902794, R4-1904823, R1-1909882, it is well understood that for synchronous NR-DC, only slot boundary level of synchronization is needed.
· There is an ongoing discussion in RAN#85, whether the cell synchronization requirements can be relaxed for NR-CA [9].
· For the latest SFTD discussion, in the LS R4-1907319, RAN4 also thinks that it is necessary as a Rel-15 feature to support SFTD of a NR neighbouring cell when it is not SFN/subframe synchronized to the serving cell.
· For from PRS reception (DL-TDOA, DL-AoD), and SRS transmission (UL-TDOA, UL-AoA) point of view, there is no restriction that serving cell and neighbouring cells should be synchronized.
Therefore, we suggest to design multi-RTT with a solution that fits in unsynchronized cells.
Observation 2: Designing multi-RTT positioning that fits in unsynchronized cells offers a wider scenario without breaking the general assumption in cell deployment.
If it is allowed, as shown in our companion contribution [2], SRS configuration/transmission timing is based on the serving cell, while PRS configuration/transmission timing is based on the neighbouring cell, 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 3 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.
gNB
UE
Receive timing of DL subframe #i of the neighbouring cell
Transmit timing of UL subframe #j of the serving cell targeting the neighbouring cell
TUE-Rx
TUE-Tx
Transmit timing of DL subframe #i of the neighbouring cell
Receive timing of UL subframe #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 3 UE/gNB Rx-Tx time difference measurement with unsynchronized serving cell and neighbouring cells
Proposal 6: Support defining UE/gNB Rx – Tx time difference by the difference between subframe boundary of DL and UL, where
· UE DL (Rx) timing is associated with the Rx timing of the cell where PRS is transmitted
· UE UL (Tx) timing is associated with the Tx timing of the serving cell
· gNB DL (Tx) timing is associated with the Tx timing of its own
· gNB UL (Rx) timing is associated with the Rx timing of the serving cell
Support of inter-frequency
In our view, SRS should always be transmitted within the bandwidth of the UL carrier of the serving cell (bandwidth part of the serving cell), so the serving cell and a neighbouring cell should share the same UL frequency coverage for multi-RTT operation.
However, inter-frequency Rx – Tx time difference would suggest that UE measurement on the PRS from two cells are inter-frequency. First of all, it is still not clear what inter-frequency means for PRS reception. If inter-frequency means similar to SSB based mobility that the PRS from two cells are not frequency-aligned or not with the same numerology, it is not generally a typical scenario of multi-RTT deployment.
In summary, from RAN1 perspective, we now can only see the need to define UE Rx – Tx time difference as an intra-frequency measurement; whether inter-frequency measurement should be supported for UE Rx – Tx time difference can be analyzed by RAN4.
PRS
SRS
PRS
SRS
Serving cell
Neighbouring cell
Frequency

Figure 4 Illustration of inter-frequency Rx – Tx time difference

Proposal 7: Support of inter-frequency UE Rx – Tx time difference is subject to RAN4 evaluation. Send an LS to RAN4.

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 [2], 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.
Proposal 8: Support the RTOA reference time calculated by a receiving gNB by deriving the transmission time of SRS based on
· SFN initialization time
· SRS configuration

DL-AoD procedure
The general procedure for DL-AoD is given by Figure 6, where the LPP procedures can share those for DL-TDOA.
LMF
NG-RAN
DAOD MEASUREMENT REQUEST (RSRP)
DAOD MEASUREMENT RESPONSE (Angle)
UE
UE position calc.
LPP-ProvideAssistanceData
LPP-RequestLocationInformation
LPP-ProvideLocationInformation (RSRP)

[bookmark: _Ref19000791]Figure 6 General procedure for DL-AoD
In the message ProvideLocationInformation, UE reports a list of PRS resource set IDs, each corresponds to a TRP, and in each PRS resource set, UE provide the following table containing a list of PRS resource IDs, and the a list of differential PRS-PSRPs associated with the list of PRS resource IDs.
With the information, LMF sends the table back to each gNB in the message DAOD MEASUREMENT REQUEST, and each gNB responds to the LMF with angle information in the message DAOD MEASUREMENT RESPONSE, including AoA/ZoA and quality of angle measurement.
Table 1 Information contained in the ProvideLocationInformation (LPP) and DAOD MEASUREMENT REQUEST (NRPPa)
	PRS resource ID
	RSRP

	ID#0
	(Highest RSRP optionally)

	ID#1
	Differential RSRP of ID#1 to ID#0

	ID#2
	Differential RSRP of ID#2 to ID#0

	...
	...



Proposal 9: For DL-AoD framework, support at least the following information for DL-AoD conveyed in the respective LPP messages
· ProvideAssitanceData (LMF → UE) to convey the PRS configuration
· All the relative fields for DL-TDOA except the reference for RSTD
· RequestLocationInformation (LMF → UE) to convey the report configuration
· Maximum number of RSRPs to report per TRP
· ProvideLocationInformation (UE → LMF) to convey the report
· A list of PRS resource set IDs
· Under each PRS resource set ID
· A list of PRS resource IDs 
· A list of differential PRS-RSRPs associated with the list of PRS resource IDs received by the same Rx beam (if applicable) on a Rx branch
Proposal 10: Support at least the following information for DL-AoD conveyed in the respective NRPPa messages
· DAOD MEASUREMENT REQUEST (LMF → NG-RAN)
· Indication for angle resolution
· A PRS resource set ID (if any)
· A list of PRS resource IDs
· A list of PRS-RSRPs associated with the list of PRS resource IDs
· DAOD MEASUREMENT RESPONSE (NG-RAN → LMF)
· AoA/ZoA
· Quality of AoA/ZoA

E-CID measurements
So far, NR E-CID is only limited to Rel-15 RRM measurement, which makes NR E-CID less powerful than the LTE E-CID. In LTE E-CID, both RTT and AoA are exploited along with the RRM measurements, showing good performance as evaluated in the SI [6]. Therefore, we think what is supported in LTE E-CID should also be considered in NR E-CID, which means the measurement to derive RTT and AoA with respect to the PCell should be supported. Note that Rel-15 already support LTE E-CID for ng-eNB reported to LMF, therefore it does not make much sense that UEs served by ng-eNB can have better E-CID performance than UEs served by gNB.
Proposal 11: Support E-CID based on the following measurements at least for the NR PCell
· UE Rx – Tx time difference
· gNB Rx – Tx time difference
· AoA/ZoA
· FFS: NR PSCell in case of DC.
How to report the measurement for E-CID also needs discussion. In LTE, both DL E-CID and UL E-CID are supported.
· For DL E-CID, the location server (E-SMLC) requests the UE to report UE Rx – Tx time difference and RRM measurement.
· For UL E-CID, the location server (E-SMLC) requests the serving eNB to report type-1 TA, type-2 TA (eNB Rx – Tx time difference based on RACH measurement), AoA, and RRM measurement for the UE. Not all reporting contents are directly measured by the eNB; actually the serving eNB will configure UE to report UE Rx – Tx time difference and RRM measurement in RRM, consolidate the type-1 TA and RRM measurement used to report the location server.
For NR E-CID, it is not clear how RTT is obtained at LMF, at least the following options can be considered
· Option 1. UE and gNB reporting its Rx – Tx time difference separately to the LMF.
· Option 2. UE reporting UE Rx – Tx time difference to the serving gNB in RRM and gNB reporting type-1 TA to the LMF.
For Option 1, it is like a single-cell RTT, which is simple to implement. For Option 2, additional impact on RRM can be foreseen, since there is no UE Rx – Tx time difference reporting in NR-RRM measurement. In our view, both options should be supported for deriving the RRT for E-CID.
Proposal 12: Support both the following 2 options for deriving the RTT in E-CID
· Option 1. UE and gNB reporting its Rx – Tx time difference separately to the LMF.
· Option 2. UE reporting UE Rx – Tx time difference to the serving gNB in NR-RRM and gNB reporting type-1 TA to the LMF.
· Note Option 2 is the UL E-CID in LTE and requires changes in NR-RRM.

Adaption to LPP messages
Measurement reporting configuration (LPP-RequestLocationInformation)
It is assumed that the measurement reporting configuration should be included in the LPP message RequestLocationInfomation, alongside other measurements e.g., common IEs, GNSS, sensor (including barometer, IMU), TBS, WLAN, BT, and EPDU (LPPe). 
There are two ways to define the measurement reporting configurations.
· Option 1 Positioning technique specific measurement reporting configuration, like in LTE.
	otdoa-RequestLocationInformation	OTDOA-RequestLocationInformation	OPTIONAL,	-- Need ON
	ecid-RequestLocationInformation		ECID-RequestLocationInformation		OPTIONAL,	-- Need ON
· Option 2 Positioning technique agnostic measurement reporting configuration. For example, UE only needs to report Rx – Tx time difference, but does not need to identify whether the Rx – Tx time difference is used for E-CID or multi-RTT. 
Although in our view, Option 1 provides a clean design in term of associating positioning techniques with its measurements, and has less impact when it comes to the reporting content, it was generally assumed when we discussed the mapping table in RAN1#98, that no clear boundary should be set between positioning techniques. Then we are OK to simply add IEs to request technique agnostic measurement instead of technique specific measurements. However it should be noted that even the same measurement may be required differently for two techniques.
Take PRS-RSRP for example, when the PRS-RSRP reporting is associated with the PRS resource ID reporting used as RSTD measurement, only a single PRS-RSRP is expected for a TRP. However, when the PRS-RSRP reporting is used for DL-AoD, multiple PRS-RSRPs are expected with a single Rx beam for a TRP. So the technique agnostic measurement reporting configuration should be able to indicate UE in what form the same measurement is desired.
Proposal 13: Technique agnostic measurement reporting configuration can be supported only when a different request modes potentially used in different positioning techniques for the same measurement can be indicated to the UE.
Proposal 14: Support configuring reporting PRS-RSRP in the following request modes
· Under RSTD
· Under UE Rx – Tx time difference
· Standalone PRS-RSRP potentially used for DL-AoD, where the number of PRS-RSRPs to report per TRP can be indicated.
It is worth noting that currently IMU information request is included in OTDOA. RAN2 should consider either standalone IMU information request that is put in parallel to other techniques, or non-standalone IMU information request that is put inside NR RAT-dependent, yet technique agnostic measurement request.
Observation 3: RAN2 to check the IMU information request.
Measurement reporting content (LPP-ProvideLocationInformation)
When UE reports the respective measurement, it is envisioned that the measurements for each TRP should be confined within an IE specifically for that TRP. Then, within a TRP, the measurement and measurement quality, and even the identify pertaining to that TRP are listed. The measurement would include the following contents
· RSTD, PRS resource identity, and PRS-RSRP associated with RSTD, if requested
· UE Rx – Tx time difference, PRS resource identity, and PRS-RSRP associated with UE Rx – Tx time difference, if requested
· A list of PRS resource identities and PRS-RSRPs measured under the same Rx beam, if requested
However, usually UE should use the same PRS resource for RSTD and UE Rx – Tx time difference, if both configured for reporting, and in the list of PRS resource identities, the first one is supposed to be the PRS resources used for RSTD/UE Rx – Tx time difference measurement. It can be further considered how to compact the data.
Proposal 15: In principle, the measurement reporting should include
· RSTD, PRS resource identity, and PRS-RSRP
· UE Rx – Tx time difference, PRS resource identity, and PRS-RSRP
· A list of PRS resource identities and PRS-RSRPs measured under the same Rx beam
· FFS: How to reduce the overhead by exploiting the commonality of PRS-RSRP.

Multi-path reporting 
The multi-path reporting can be specified in LPP [3] or NRPPa [4] as additional reporting content to improve the robustness. Since multi-path reporting is already supported in LTE, there is very small impact on NR specification. The difference is that NR has both timing based measurements and angle based measurement. The multi-path reporting can be associated with both.
For example, for each additional path, 
· For UE measurement, multiple relative delay to the main path can be reported, where the main path can be associated with RSTD, and UE Rx – Tx time difference.
· For gNB measurement, multiple triplets of {relative delay to the main path, AOA, ZOA} can be reported, where the main path can be associated with RTOA, gNB Rx – Tx time difference, and AOA/ZOA measurements.
Therefore, we have the following proposal.
Proposal 16: Support reporting multi-path measurements with jointly reporting
· Timing and angle of each path, up to 3 paths at gNB
· Timing of each path, up to 3 paths at UE

Multi-angle measurement 
The half-wavelength antenna elements separation for gNB antenna configuration was assumed in the evaluation [6] during the study item. But in engineering practice, the assumption is too strict and harsh. If the antenna elements are not separated by half-wavelength, there may be angle ambiguities at gNB. 
The orientation of antenna pattern is assumed to be 0°. When the actual angle of arrival equals to 315°, the radiation patterns across azimuth with different antenna elements separations are illustrated in Figure 5. If the antenna elements are ideally separated by half-wavelength, the strength of main lobe is obviously higher than others. While, if the antenna elements separation is larger than half-wavelength, the strength of sidelobe could be as high as main lobe or even larger. Therefore, two or more angles could be estimated. 
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[bookmark: _Ref19801760]Figure 7 Radiation pattern with antenna elements separation equals to (a) half-wavelength, (b) 0.8 wavelength, (c) one wavelength, and (d) two wavelength
For example, assume a horizontal ULA with antenna separation  with given incoming wave at direction , shown in , the phase difference of antenna element  to the first antenna elements  is given by

To find the , we have to solve the equation

With .
The solution to the equation is given by

How many  can be found depends the number of valid  so that . For example, if we assume  and , as shown in (c) of Figure 7, two solutions for  are
· 
· , which corresponds to 17°.
Note that the symmetric angle such as , is not selected considering the direction of the antenna array.




Figure 8 ULA with incoming wave direction 
Observation 4: When the antenna spacing is larger than half wavelength, the angle ambiguity can be calculated by 

where 
If we only support reporting one angle measurement (AOA/ZOA) associated with UE, it would force a neighbouring gNB to rule out the false angles, which may not be so practical. An alternative is to allow gNB to report multiple angles to the LMF, and let LMF select. 
Since majority of gNBs vendors use half-wavelength antenna spacing in horizontal domain and larger for vertical domain, we have the following proposal.
Proposal 17: Support reporting multiple ZOAs in the LCS associated with UE at least for the case when the antenna elements spacing at gNB is more than a half wavelength in the elevation direction.

L1 measurement reporting
It was discussed in RAN1#98 in terms of TA command during positioning measurement. If the serving gNB sends the TA command to the UE, UE will adjust its UL timing, resulting in the change of arriving time at TRPs, and also the change of UE Rx – Tx time difference.
Traditionally the reporting measurements are L3 filtered, which means that the instant change of L1-measurements due to the change of transmission timing at UE side will be filtered, and may be erroneously combined with measurements before the timing change.
One typical example is UTDOA, where each gNB measures its UL-RTOA, instead of the uplink time difference of arrival between two gNBs. If UE follows the TA command sent by the serving gNB and adjust its UL timing, it changes the L1 UL-RTOA measurement at each gNB, but actually does not change the uplink time difference arrival between two gNB.
Therefore, instead of reporting L3-filtered measurement, network can configure both UE and gNB to report L1 measurements taken in each RS occasion, so that the change of UL timing can be well captured in the measurement report.
Proposal 18: Support reporting L1 measurements each associated with an RS occasion at least to address the TA adjustment at UE side for measurements including
· UE Rx – Tx time difference,
· UL-RTOA, and
· gNB Rx – Tx time difference.

Measurement and quality indication
At RAN1#97 [1], we agreed that the quality metrics reporting should be supported for the timing based 
Timing based measurement
Consider the bandwidth of NR can be up to 400MHz, the timing measurement resolution can be as low as nano-seconds. Considering that the minimum time granularity defined in NR is 1 Tc ~ 0.5ns, which is mapped to approximately 0.15m range, the minimum granularity associated with reporting can be set to 4 Tc ~ 2ns, which is mapped to approximately 0.6m range, so that the commercial requirements can be met.
For the quality, LTE assumes uniform distribution of RSTD error within an uncertainty range [3]. The uncertainty range is given by OTDOA-MeasQuality. The same mechanism can be considered for NR as a starting point with a smaller error resolution. 
OTDOA-MeasQuality ::= SEQUENCE {
	error-Resolution		BIT STRING (SIZE (2)),
	error-Value				BIT STRING (SIZE (5)),
	error-NumSamples		BIT STRING (SIZE (3))				OPTIONAL,
	...
}

For LTE, the error-Resolution is quantized to {5m, 10m, 20m, 30m} using 2 bit indication [3].  The error minimum resolution in NR can be further refined to 0.3m, considering 0.6m reporting granularity.
Proposal 19: Support
· The timing measurement reporting with minimum granularity of 4 Tc for both DL and UL timing based measurements for Rel-16.
· The timing error reporting with the minimum resolution of 0.3m for both DL and UL timing based measurements.
If high-resolution techniques, such as MUSIC or phase difference mechanisms [5], are used, a different distribution may be assumed, for example, normal distribution.
Figure 9 shows the evaluation results of TOA error in terms of meters, based on the simulation assumptions listed in Appendix A. The TOA error distribution shows a curve similar to a normal distribution. To quantize the normal distribution, we can re-interpret the values of error-Resolution and error-Value so that the range of given by two parameters is treated as  of the normal distribution, where  is the standard deviation.
[image: ]
[bookmark: _Ref16683471]Figure 9 TOA error histogram for a LOS channel using high-resolution algorithm
Proposal 20: Support in NR modeling the quality of timing measurements as normal distribution, where the error range given by error-Resolution and error-Value is re-interpreted as  of the normal distribution.

Angle measurement
LCS setup
For angle measurement in LCS, it should be noted that the LCS should be defined that the boresight of the gNB antenna array is pointing at the positive x’-axis, and the entire antenna array is within the y’Oz’ plane, where the two dimensions of the array is arranged alongside the y’-axis and z’-axis, shown in Figure 10. Note that z’-axis does not necessarily have to be vertical in the GCS. Note that the ’ notation denotes the LCS coordinate, following the convention of [10].
x’
y’
z’
gNB antenna array

[bookmark: _Ref18997922]Figure 10 gNB LCS setup prerequisite
Observation 5: The gNB LCS should be defined that the antenna array is confined within the y’Oz’ plane of the LCS, while the boresight of it is the positive x’-axis.
For angle measurement, we suggest to support 0.25° granularity for both AOA and ZOA, considering the potentially large antenna array deployed in NR. Meanwhile, to associate the AoA and ZOA in LCS with AoA and ZoA in GCS, the antenna orientation parameters should also be quantized. It should have a smaller granularity considering that it is static.
Proposal 21: Support angle granularity of 0.25° for both AOA and ZOA, and that of the antenna orientation  should be smaller, e.g. 0.1°.
Angle quality
We consider a better quantization of the angle quality if the angle is reported in the LCS.
The agreed definition of AOA and ZOA is not symmetric as ZOA is the angle between UE and z’-axis, while AOA is the angle between the projected UE direction in the x’Oy’ plane and x’-axis even if UE is not in the same horizontal plane as the gNB. The asymmetry will result in the covariance matrix of AOA and ZOA error to be non-diagonal, i.e.,

With .







[bookmark: _Ref19808354]Figure 11 Introducing  as the angle between UE and y’-axis
To diagonalize the covariance matrix, we can consider selecting a symmetric angle measurement to model the error. Since  is the angle between UE and z’-axis, we can use another angle  defined as the angle between UE and y’-axis, shown in Figure 11. The selection is based on the LCS step discussed in section 8.2.1, since the 2D antenna array is arranged along y’-axis and z’-axis. It can be shown that , and one can prove that  is diagonal. This is because  is estimated based on phase difference between the antenna elements along z’-axis, while  is estimated based on the phase difference between antenna elements along y’-axis, and the underlying error is independent of each other.

Furthermore, we notice that angle error is a function of the angle itself. For example, when the UE direction is close to the boresight of the antenna array, the angle error is small; however when the UE direction is close to the endfire the antenna array, the angle error is large as the beam width is also large. To remove the angle error dependence on angle, the angle error can be further modelled by the error of the following two quantities
· 
· 
Then with  not only it is a diagonal matrix, but also the diagonal elements is not a function of reported angle  and .
Option 1: 
Option 2:
Option 3: 

[bookmark: _Ref19810253]Figure 12 Covariance matrix distribution under three UE directions
Figure 12 shows the coefficients in the covariance matrix for three UE directions. Detailed simulation assumptions can be found in Appendix B.
· 
· 
· 
Under each UE direction, we compare the three covariance matrices
· Option 1: 
· Option 2: 
· Option 3: 
It can be seen that 
· Option 1 suffers from strong cross-correlation (large green components) between zenith error and azimuth error when the UE direction is off the boresight of both zenith and azimuth, e.g.,  and .
· Option 2 suffers from angle-dependent error power. For example, when , one can find that . The error of  (yellow) is larger than that of  (blue)
· Option 3 can have both small cross-correlation and angle-independent error power.
Proposal 22: If the angle error is measured in the LCS, it is given by the r.m.s. error of the following two quantities
· 
· 
[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 and observations:
Observation 1: The reference point at gNB for FR1 in the previous agreements should be revisited based on RAN4 input.
Observation 2: Designing multi-RTT positioning that fits in unsynchronized cells offers a wider scenario without breaking the general assumption in cell deployment.
Observation 3: RAN2 to check the IMU information request.
Observation 4: When the antenna spacing is larger than half wavelength, the angle ambiguity can be calculated by 

where 
Observation 5: The gNB LCS should be defined that the antenna array is confined within the y’Oz’ plane of the LCS, while the boresight of it is the positive x’-axis.
Proposal 1: Support RSTD as an inter-RAT measurement between an E-UTRA cell and an NR cell. 
· Note that it is an NR UE capability. FFS whether it is an LTE UE capability.
Proposal 2: For both RSTD and UE Rx – Tx time difference reporting, when UE reports the PRS resource ID, UE should select the one that maximizes the power of the first path among all the PRS resources within the PRS resource set associated with a TRP.
Proposal 3: For both UL-RTOA and gNB Rx – Tx time difference reporting, support gNB to optionally report the DL PRS ID, assuming the same beam has been used to receive SRS.
Proposal 4: For both UL-RTOA and gNB Rx – Tx time difference reporting, when gNB reports the PRS resource ID, gNB should select the one that maximizes the power of the first path across all the beams used for PRS transmission and across the SRS resources associated with the UE.
Proposal 5: Support LMF to request and gNB to provide the angle information associated with DL-PRS, in the respective NRPPa messages.
· Send an LS to RAN3.
Proposal 6: Support defining UE/gNB Rx – Tx time difference by the difference between subframe boundary of DL and UL, where
· UE DL (Rx) timing is associated with the Rx timing of the cell where PRS is transmitted
· UE UL (Tx) timing is associated with the Tx timing of the serving cell
· gNB DL (Tx) timing is associated with the Tx timing of its own
· gNB UL (Rx) timing is associated with the Rx timing of the serving cell
Proposal 7: Support of inter-frequency UE Rx – Tx time difference is subject to RAN4 evaluation. Send an LS to RAN4.
Proposal 8: Support the RTOA reference time calculated by a receiving gNB by deriving the transmission time of SRS based on
· SFN initialization time
· SRS configuration
Proposal 9: For DL-AoD framework, support at least the following information for DL-AoD conveyed in the respective LPP messages
· ProvideAssitanceData (LMF → UE) to convey the PRS configuration
· All the relative fields for DL-TDOA except the reference for RSTD
· RequestLocationInformation (LMF → UE) to convey the report configuration
· Maximum number of RSRPs to report per TRP
· ProvideLocationInformation (UE → LMF) to convey the report
· A list of PRS resource set IDs
· Under each PRS resource set ID
· A list of PRS resource IDs 
· A list of differential PRS-RSRPs associated with the list of PRS resource IDs received by the same Rx beam (if applicable) on a Rx branch
Proposal 10: Support at least the following information for DL-AoD conveyed in the respective NRPPa messages
· DAOD MEASUREMENT REQUEST (LMF → NG-RAN)
· Indication for angle resolution
· A PRS resource set ID (if any)
· A list of PRS resource IDs
· A list of PRS-RSRPs associated with the list of PRS resource IDs
· DAOD MEASUREMENT RESPONSE (NG-RAN → LMF)
· AoA/ZoA
· Quality of AoA/ZoA
Proposal 11: Support E-CID based on the following measurements at least for the NR PCell
· UE Rx – Tx time difference
· gNB Rx – Tx time difference
· AoA/ZoA
· FFS: NR PSCell in case of DC.
Proposal 12: Support both the following 2 options for deriving the RTT in E-CID
· Option 1. UE and gNB reporting its Rx – Tx time difference separately to the LMF.
· Option 2. UE reporting UE Rx – Tx time difference to the serving gNB in NR-RRM and gNB reporting type-1 TA to the LMF.
· Note Option 2 is the UL E-CID in LTE and requires changes in NR-RRM.
Proposal 13: Technique agnostic measurement reporting configuration can be supported only when a different request modes potentially used in different positioning techniques for the same measurement can be indicated to the UE.
Proposal 14: Support configuring reporting PRS-RSRP in the following request modes
· Under RSTD
· Under UE Rx – Tx time difference
· Standalone PRS-RSRP potentially used for DL-AoD, where the number of PRS-RSRPs to report per TRP can be indicated.
Proposal 15: In principle, the measurement reporting should include
· RSTD, PRS resource identity, and PRS-RSRP
· UE Rx – Tx time difference, PRS resource identity, and PRS-RSRP
· A list of PRS resource identities and PRS-RSRPs measured under the same Rx beam
· FFS: How to reduce the overhead by exploiting the commonality of PRS-RSRP.
Proposal 16: Support reporting multi-path measurements with jointly reporting
· Timing and angle of each path, up to 3 paths at gNB
· Timing of each path, up to 3 paths at UE
Proposal 17: Support reporting multiple ZOAs in the LCS associated with UE at least for the case when the antenna elements spacing at gNB is more than a half wavelength in the elevation direction.
Proposal 18: Support reporting L1 measurements each associated with an RS occasion at least to address the TA adjustment at UE side for measurements including
· UE Rx – Tx time difference,
· UL-RTOA, and
· gNB Rx – Tx time difference.
Proposal 19: Support
· The timing measurement reporting with minimum granularity of 4 Tc for both DL and UL timing based measurements for Rel-16.
· The timing error reporting with the minimum resolution of 0.3m for both DL and UL timing based measurements.
Proposal 20: Support in NR modeling the quality of timing measurements as normal distribution, where the error range given by error-Resolution and error-Value is re-interpreted as  of the normal distribution.
Proposal 21: Support angle granularity of 0.25° for both AOA and ZOA, and that of the antenna orientation  should be smaller, e.g. 0.1°.
Proposal 22: If the angle error is measured in the LCS, it is given by the r.m.s. error of the following two quantities
· 
· 

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] [bookmark: _Ref15309641][bookmark: _Ref3801150][bookmark: _Ref3800074][bookmark: _Ref536547427]3GPP RAN1, Chairman's Notes RAN1#98 final, Prague, Czech Republic, Aug. 26th – 30th, 2019.
[2] [bookmark: _Ref18937486]R1-1910036, Physical layer procedure for NR positioning, Huawei, HiSilicon, Chongqing, China, Oct. 14th – 20th, 2019.
[3] [bookmark: _Ref4578231]TS 36.355, Evolved Universal Terrestrial Radio Access (E-UTRA); LTE Positioning Protocol (LPP).
[4] [bookmark: _Ref6666130]TS 38.455, NG-RAN; NR Positioning Protocol A (NRPPa).
[5] [bookmark: _Ref15306294]R1-1812595, Discussions on Possible Techniques for NR Positioning, LG Electronics, RAN1#95, Spokane, USA, November 12th – 16th, 2018.
[6] [bookmark: _Ref19172541]TR 38.855, Study on NR positioning support.
[7] [bookmark: _Ref19634743]R1-1908116, NR positioning measurements, Huawei, HiSilicon, RAN1#98, Prague, Czech Republic, Aug. 26th – 30th, 2019.
[8] [bookmark: _Ref19638273]3GPP RAN4, RAN4#92_meeting report, Ljubljana, Slovenia, 26th – 30th Aug 2019.
[9] [bookmark: _Ref19796256]Email discussion, “Discussion on the relaxation of frame timing for R16 NR CA”, RAN#85, New Port Beach, US, September 16th – 20th, 2019.
[10] [bookmark: _Ref19888871]TR 38.901, Study on channel model for frequencies from 0.5 to 100 GHz.

Appendix A
Evaluation assumptions for section 4.1 are shown in Table 2.
[bookmark: _Ref16683905]Table 2 Parameter of evaluation of TOA error
	Channel model
	TR 38.901 Indoor channel model (Forcing LOS)

	Layout
	60mx60mx3m with 4 BSs mounted on the four corners of the ceiling

	Carrier frequency
	2GHz

	Channel bandwidth
	50MHz

	Reference signal
	NR-TRS

	Tx antenna configuration
	Single port

	Rx antenna configuration
	(1,1,2): cross-polarized antenna



Appendix B
Evaluation assumptions for section 4.1 are shown in.
	Antenna configuration
	BS: 4x4x2
UE: 1x1x2
Antenna separation: 0.5

	Channel condition
	AWGN

	Selected ZOA and AOA
	 (90°,45°), (120°,0°),(120°,45°)
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