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1. Introduction
In the last meeting (RAN1#98), the following agreements were made with regards to measurements for positioning:
	Agreement:
· RSTD is defined as the time difference with respect to the received DL subframe timings associated with the different TRPs (Option 1 from agreement made in RAN1#97)
· Multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP. 
· At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in RSTD measurements can be configured for reporting in the measurement report.
· Note: This does not preclude the use of any additional reference signals that are being discussed further including existing reference signals

Conclusion:
How to determine the RSTD measurement and UE Rx-Tx time difference measurements that are reported when receiver diversity is used by the UE is up to UE implementation and is not specified by measurement definition.

Agreement:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP
· Multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP. 
· At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in the UE Rx-Tx time difference measurements can be configured for reporting in the measurement report.
· Note: This does not preclude the use of any additional reference signals that are being discussed further including existing reference signals

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

Agreement:
· UL RTOA is defined with the respect to the subframe timing associated with the UE
· Multiple SRS resources for positioning purposes can be used to determine the received UL subframe timing of the first arrival path of the UE. 
· FFS: The resource ID(s) or resource set ID(s) used for determining the timing of the UE and possibly the Rx beam used at the gNB in the UL RTOA measurements can be requested for reporting in the measurement report.

Agreement:
For FR1, the reference point for UL RTOA is the Rx antenna connector of gNB

Conclusion:
How to determine the UL RTOA measurement and gNB Rx-Tx time difference measurements that are reported when receiver diversity is used by the gNB is up to gNB implementation and is not specified by measurement definition.

Agreement:
· gNB Rx-Tx time difference is defined with respect to the subframe timing associated with the UE
· Multiple SRS resources for positioning purposes can be used to determine the received UL subframe timing of the first arrival path of the UE. 
· FFS: The resource ID(s) or resource set ID(s) used for determining the timing of the UE and possibly the Rx beam used at the gNB in the gNB Rx-Tx time difference measurements can be requested for reporting in the measurement report.

Agreement:
For FR1, 
· The reference point for the Rx time of the gNB Rx-Tx time difference is the Rx antenna connector of the gNB
· The reference point for the Tx time of the gNB Rx-Tx time difference is the Tx antenna connector of the gNB

Agreement:
UL SRS-RSRP for NR positioning is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port that carry the UL SRS resource configured for RSRP measurements within the considered measurement frequency bandwidth in the configured measurement occasions

Agreement:
· For FR1, the reference point for the UL SRS-RSRP is the Rx antenna connector of the gNB. 
· For FR2, UL SRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
· When receiver diversity is in use by the gNB to obtain the UL SRS-RSRP measurement, the reported UL SRS-RSRP value shall not be lower than the corresponding UL SRS -RSRP of any of the individual receiver branches

Agreement:
· AoA () and ZoA () define the estimated angles of a user with respect to a reference direction which are determined at the TRP antenna for an UL channel corresponding to this UE.

· The reference directions can be defined according to either one of the following options (both options are supported in specifications) 
· Option 1:
· For AoA, the geographical North, positive in a counter-clockwise direction.
· For ZoA, the zenith/vertical
· Note:   pointing to the zenith and  pointing to the horizon.
· Option 2:
· For AoA and ZoA, the reference direction is with respect to the Local Coordinate System (LCS) defined in TR 38.901. The translation of the GCS to LCS uses the set of angles  (bearing angle),  (downtilt angle),   (slant angle) which are reported



2. [bookmark: _Hlk942572][bookmark: _Hlk942583]Inter-frequency “UE Rx-Tx” measurement
The following agreement was achieved regarding the “UE Rx-Tx” measurement: 
	Agreement:
UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP
· Multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP. 
· At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in the UE Rx-Tx time difference measurements can be configured for reporting in the measurement report.
· Note: This does not preclude the use of any additional reference signals that are being discussed further including existing reference signals



In NR, this measurement should be possible to be done in RRC CONNECTED inter-frequency scenarios similar to the OTDOA procedure. If the neighboring cells transmit at a different carrier frequency, the UE would need to measure DL PRS on a different carrier from that used for the serving base station (like it happens for DL RSTD measurements). This shall be true also for UE Rx-Tx where the same mechanism and RS is used for receiving the DL PRS on a different frequency layer. 
[bookmark: _Hlk21016620]Proposal 1: Support “UE Rx-Tx” for both intra and inter-frequency measurement, where at least the DL PRS is measured across frequency layers. 
3. Granularity of the Reports: Timing measurements
According to the commercial requirements for positioning, NR positioning should be able to support an accuracy of 3m in the horizontal plane, which effectively yields a TOA accuracy on the order of 10 ns. To ensure that the reporting granularity is not the bottleneck of the NR positioning, the entity performing the timing measurements (either the TRP, or the UE) needs to be able to report them to the location server at a precision level significantly better than 10 ns.
[bookmark: _GoBack]In first releases of LTE, the reporting range for RSTD is defined from -15391Ts to 15391Ts with 1Ts resolution for absolute value of RSTD less or equal to 4096Ts, and 5Ts for absolute value of RSTD greater than 4096Ts (clause 9.1.10.3 of TS 36.133). Higher resolution RSTD is also defined with 0.5Ts  resolution (clause 9.1.10.4 of TS 36.133). It is noted that Ts = 32.5 ns so at best the reporting granularity will be ~16 ns which results in an uncertainty that fails to meet the requirements.
Observation 1. To meet commercial requirements, the reporting granularity of any timing measurement including RSTD must have a step size which is significantly smaller than 10 ns.
Hence, it is proposed to increase the bitwidth of the RSTD report mapping which can also accommodate forward compatibility with future releases. The smaller step size is proposed to be Tc = 0.509 ns and UE report mapping can be configured by higher layers to use a larger step size  where  = 0,1,2,3,4,5. 
[bookmark: _Hlk21016626]Proposal 2. Timing measurements (RSTD, UE Rx-Tx, gNB Rx-Tx, RTOA) report mapping table to be specified with Tc = 0.509 ns as the smallest step size. UE report mapping can be configured by higher layers to use a larger step size  where  = 0,1,2,3,4,5.
4. Granularity of the Reports: Angle measurements
With regards to angle measurements, in LTE, in LPPa (3GPP 36.455) there is support for single-cell RTT and AoA with details in 36.133, where only azimuth angle is introduced with a range in [0,360] with units of degrees and a 0.5 degree of step as follows:
[image: ]
For NR Rel-16, based on the 3m requirement for indoor UEs and 10m requirement for outdoor UEs, one could do the following first-order analysis for a single-BS AoA+Timing as shown in the table. It should be noted that timing Information Quantization may additionally contribute in the error of positioning, but on the other hand, having multiple angles, and timing information would make the performance better.
[image: ][image: ]

[bookmark: _Hlk15574054][bookmark: _Hlk16588376][bookmark: _Hlk21016632]Proposal 3: Azimuth Angle measurements are reported with a range [0,360] with one of the following options:
· using 11 bits and a step of 0.25 degrees
Elevation Angle measurements are reported with a range [0,180] with one of the following options:
· using 10 bits and a step of 0.25 degrees
5. Measured Quality Report for UE or TRP measurements
The following agreement was made previous meeting with regards to the quality report of the measurements: 
	Agreement:
· Support reporting separate metric(s) corresponding to quality of each of the following measurements
· RSTD
· UE Rx-Tx time difference
· UL-RTOA
· TRP 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



Starting from LTE’s status as a background, the OTDOA measurement report in LPP includes also a quality of the RSTD measurements, which provides the target device's best estimate of the uncertainty of the OTDOA (or TOA) measurement (IE OTDOA‑MeasQuality in LPP). 
OTDOA-MeasQuality ::=SEQUENCE {
	error-Resolution		BIT STRING (SIZE (2)),
	error-Value				BIT STRING (SIZE (5)),
	error-NumSamples		BIT STRING (SIZE (3))				OPTIONAL,
	...
}
-- ASN1STOP
	OTDOA-MeasQuality field descriptions

	error-Resolution
This field specifies the resolution R used in error-Value field. The encoding on two bits is as follows:
	′00′			5 meters
	′01′			10 meters
	′10′			20 meters
	′11′			30 meters.

	error-Value
This field specifies the target device′s best estimate of the uncertainty of the OTDOA (or TOA) measurement.
The encoding on five bits is as follows:
	′00000′	0		to	(R*1-1) meters
	′00001′	R*1	to	(R*2-1) meters
	′00010′	R*2	to	(R*3-1) meters
	…
	′11111′	R*31	meters or more;
where R is the resolution defined by error-Resolution field.
E.g., R=20 m corresponds to 0-19 m, 20-39 m,…,620+ m. 

	error-NumSamples
If the error-Value field provides the sample uncertainty of the OTDOA (or TOA) measurement, this field specifies how many measurements have been used by the target device to determine this (i.e., sample size). Following 3 bit encoding is used:
	′000′		Not the baseline metric
	′001′		5-9
	′010′		10-14
	′011′		15-24
	′100′		25-34
	′101′		35-44
	′110′		45-54
	′111′		55 or more.
In case of the value ′000′, the error-Value field contains the target device′s best estimate of the uncertainty of the OTDOA (or TOA) measurement not based on the baseline metric. E.g., other measurements such as signal-to-noise-ratio or signal strength can be utilized to estimate the error-Value.
If this field is absent, the value of this field is ′000′.


[bookmark: _Ref1129423][bookmark: _Ref534978915][bookmark: _Ref534377004][bookmark: _Hlk4490312]
The IE OTDOA‑MeasQuality provides estimated uncertainty of the reference TOA measurement and the uncertainty of the reported RSTDs in units of metres. 

The LTE’s fields “error-Resolution” and “error-Value” use 7 bits total using an approach which has several repeated values as shown in the table below:
[image: ]

We also note that for NR, where there is a variety of use-cases that need to be supported, there will be a need for having lower values than those that exist in NR (e.g. of the order of cm in future scenarios). Furthermore, the linear increase of the error values does not provide much usefulness, especially at the larger error values, e.g., reporting an error of 629 meters or 659 meters would not make any difference since both of them are very large values. Therefore, we propose that the quality metric for all timing measurements to a configurable logarithmic function, e.g, like a K-function based solution. 
[bookmark: _Hlk21016637]
[bookmark: _Hlk4766385][bookmark: _Hlk4581957][bookmark: _Hlk16588385]Proposal 4:	Propose to report as part of the measurement report, a logarithm scale of the measurement error of the timing and angle measurements with the following three parameters:
· Minimum error (MIN_VAL), with MIN_VAL= 0.1
· Maximum error (MAX_VAL) , with MAX_VAL = 1000
· Number of bits (NUM_BITS), with NUM_BITS = [6] bits
An example of such a function is the K-factor function Y = C*(1+x)^K, which can be configured as follows:
· Kmax = 2^NUM_BITS - 1
· C = MIN_VAL
· x = 10.^((log10( MAX_VAL ) - log10( MIN_VAL ))/Kmax) – 1

[image: image001]
6. Time-stamp of the Reports 
When it comes to the measurements, there is a need the entity performing the measurement to time-stamp the measurement to report when it can be considered valid. For example, in LTE LPP and UL E-CID, the time-stamp used is SFN number as it is observed below:

[image: ]

[image: ]

In NR, a similar time-stamping would be needed, however, it should be with respect to the SFN number of the serving cell, since the UE will not be aware of the SFN of the measured cell. Note that in LTE UL E-CID the measured cell is also the serving cell, so the UE is always aware of the SFN number. Based on the above discussion we make the following proposal: 

[bookmark: _Hlk21084106]Proposal 5:	NR supports the following high layer signaling related to each individual “UE/gNB Rx-Tx/RTOA/RSTD” measurement:
· Time-stamp information during which each reported "UE/gNB Rx-Tx/RTOA/RSTD" is valid
· Time-stamp information is on a slot level. 

An issue that needs to be carefully considered in NR is the Timing advance (TA) consistency across the SRS transmitted during one measurement period. Consider the case that the UE reports one “UE Rx-Tx” report associated with a frame number during which 2 SRS resources were transmitted, and in between them, a MAC CE command was received, as shown in the figure below. Then, if the TRP attempts to average the channel energy responses across the SRS receptions, there will be an error due to the different timing advance between the 2 SRS transmissions. 
[image: ]
This issue also exists in LTE. In this case, in LTE UL E-CID (see 36.133), the accuracy of UE Rx-Tx are only defined assuming no changes in the uplink transmission timing during the measurement period as shown in the text below:
[image: ]
A similar aproach could also be used in NR Rel-16, due to its specification simplicity, but indeed for scenarios of high mobility, where TA commands are received too often, the positioning measurements could be deteriorated, and its accuracy would not be guaranteed. 
In LTE, this issue is captured in the RAN4 specificaiton (36.133), however, depending on how it is solved in NR, it could have RAN1/RAN2 impacts. The LTE approach avoids such additional impact, and that is why we suggest this issue to be discussed in RAN1 and make the following proposal:
[bookmark: _Hlk15574026][bookmark: _Hlk21016649]Proposal 6: With respect to TA commands during a positioning session, any accuracy requirements are valid under the condition that no changes to the uplink transmission timing are applied during the measurement period.
7. Conclusion 
In this contribution, we make the following proposals:
Proposal 1: Support “UE Rx-Tx” for both intra and inter-frequency measurement, where at least the DL PRS is measured across frequency layers. 
Proposal 2. Timing measurements (RSTD, UE Rx-Tx, gNB Rx-Tx, RTOA) report mapping table to be specified with Tc = 0.509 ns as the smallest step size. UE report mapping can be configured by higher layers to use a larger step size  where  = 0,1,2,3,4,5.
Proposal 3: Azimuth Angle measurements are reported with a range [0,360] with one of the following options:
· using 11 bits and a step of 0.25 degrees
Elevation Angle measurements are reported with a range [0,180] with one of the following options:
· using 10 bits and a step of 0.25 degrees

Proposal 4:	Propose to report as part of the measurement report, a logarithm scale of the measurement error of the timing and angle measurements with the following three parameters:
· Minimum error (MIN_VAL), with MIN_VAL= 0.1
· Maximum error (MAX_VAL) , with MAX_VAL = 1000
· Number of bits (NUM_BITS), with NUM_BITS = [6] bits
An example of such a function is the K-factor function Y = C*(1+x)^K, which can be configured as follows:
· Kmax = 2^NUM_BITS - 1
· C = MIN_VAL
· x = 10.^((log10( MAX_VAL ) - log10( MIN_VAL ))/Kmax) – 1

Proposal 5:	NR supports the following high layer signaling related to each individual “UE/gNB Rx-Tx/RTOA/RSTD” measurement:
· Time-stamp information during which each reported "UE/gNB Rx-Tx/RTOA/RSTD" is valid
· Time-stamp information is on a slot level. 

Proposal 6: With respect to TA commands during a positioning session, any accuracy requirements are valid under the condition that no changes to the uplink transmission timing are applied during the measurement period.
8. [bookmark: _Ref450583331]References
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10.2  Angle of Arrival (AOA)
10.2.1  Range/mapping

The reporting range for AOA measurementis from 0 10 360 degree, with resolution of 0.5 degec.
‘The mapping of the measured quantity is defined in table 10.2.1-1

Table 10.2.4-1: AOA measurement report mapping

Reported vaiue Wieasured quantity value Gnit
AOA ANGLE 00D 0- AOA ANGLE 05 degree.
"AGA_ANGLE 001 052 AOA_ANGLE = 1 degree.
AOA_ANGLE 002 12 AOA_ANGLE <15 degree.
AOA_ANGLE 717 3585 - AOA ANGLE < 358 degree
AGA ANGLE 718 350 - AOA ANGLE <3695 degree.
‘AGA_ANGLE 710 3595 - AOA ANGLE < 360 degree.
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systemFrameNumber

This field specifies the system frame number of the measured cell during which the measurements have been
performed. The target device shall include this field if it was able to determine the SFN of the cell at the time of
measurement.
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