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1. Introduction
In the last meeting (RAN1#97, Reno), the following agreements were made with regards to measurements for positioning:
Agreement:
Select one (or more) of the following options for the definition of the RSTD
· Option 1: RSTD is defined as the time difference with respect to the subframe timings associated with the different TPs;
· Option 2: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resource sets of different TPs
· Option 3: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resources of different TPs
· Note: Definition of the RSTD applies at least to the RSTD measurements obtained from DL PRS. It does not preclude the RSTD obtained from other DL RS.

Agreement:
· For FR1, the reference point of the RSTD measurement is the Rx antenna connector of the UE
· For FR2, RAN1 has considered the following options as the reference point of the RSTD measurement. The final decision is up to RAN4 on how to define the reference point of the RSTD measurement. 
· Option 1: the combined signal from antenna elements corresponding to a given receiver
· Option 2: the Rx antenna of the UE

Agreement:
DL PRS-RSRP is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port that carry a DL PRS resource configured for RSRP measurements within the considered measurement frequency bandwidth
· FFS: DL PRS-RSRP for 2 ports, if 2 port transmission of a DL PRS is agreed.

Agreement:
· For FR1, the reference point for the DL PRS-RSRP is the Rx antenna connector of the UE;
· For FR2, DL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch

Agreement:
When receiver diversity is in use by the UE to obtain the DL PRS-RSRP measurement, the reported DL PRS-RSRP value shall not be lower than the corresponding DL PRS-RSRP of any of the individual receiver branches

Agreement:
Support inter-frequency DL PRS-RSRP measurements for NR positioning in Rel-16 when the UE is in RRC_CONNECTED state.

Agreement:
UE can be indicated to report the DL PRS Resource ID(s) or the DL PRS Resource set ID(s) associated with the DL PRS Resource ID(s) or the DL PRS Resource set(s), which are used in determining the UE measurements (DL RSTD, UE Tx-Rx time difference, DL PRS-RSRP) in UE measurement reporting.

R1-1907821	[DRAFT] LS on Reference Point for Timing Related Measurements	CATT
Final LS approved in R1-1907869 with the following modifications:
· Copy RAN3
· Add the following at the end of the main body of the LS: “It is RAN1’s understanding that it is part of the work of the RAN3 WG to provide a name for the “transmission measurement function”. For simplicity of the discussion in RAN1 this function is referred to as “gNB”.”
· Change the text for the Action to the following: “RAN1 kindly requests RAN4 to provide the definition of a reference point for RSTD measurements in FR2 and inform RAN1 whether it is applicable to other timing related measurements, namely, the UE Rx-Tx timing difference, gNB Rx-Tx timing difference and UL RTOA. If the provided definition for the reference point is not applicable to these other timing related measurements in FR2, RAN1 requests RAN4 to provide definitions for the reference points for these other timing related measurements in FR2.”

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
2. [bookmark: _Hlk942572]UE measurements for NR Positioning
2.1 Details on DL RSTD measurements
As a starting point of the definition of RSTD, we can use the definition from LTE (36.214) which is the following:
	Definition
	The relative timing difference between the neighbour 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. The reference point for the observed subframe time difference shall be the antenna connector of the UE. 

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency
RRC_IDLE intra-frequency only applicable for NB-IoT UEs
RRC_IDLE inter-frequency only applicable for NB-IoT Ues



The following agreement was made regarding the definition of RSTD:

	Agreement:
Select one (or more) of the following options for the definition of the RSTD
· Option 1: RSTD is defined as the time difference with respect to the subframe timings associated with the different TPs;
· Option 2: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resource sets of different TPs
· Option 3: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resources of different TPs
· Note: Definition of the RSTD applies at least to the RSTD measurements obtained from DL PRS. It does not preclude the RSTD obtained from other DL RS.

Agreement:
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.



We make the following observations related to the above definition:
· For NR Rel-16, whether RSTD will be defined for RRC IDLE and RRC INACTIVE is still under discussion
· With regards to the definition, it would indeed be possible the UE to be reporting RSTD with respect to PRS resource sets or PRS resources, however such a complication in the definition is not necessary. Note that as per the agreements, the reference for RSTD may be a PRS resource or a set of PRS resources rather than a cell as proposed above. However, the set of PRS resources is also associated with a particular cell. Thus, the definition of RSTD itself may be stated in terms of a reference cell and a neighbour cell, and the specific beam(s) of those cells to which the RSTD applies may be captured in the measurement reporting/messaging.
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Based on the above discussion, we make the following proposal:
Proposal 1: Define the DL RSTD for NR Rel-16 as the time difference with respect to the subframe timings associated with the different TRPs (Option 1)
· Note: Based on agreement, it should be possible for a UE to report which PRS resource set, or PRS resource(s) from one PRS resource set from each TRP is used to derive the reported RSTD values.
[bookmark: _Hlk942583]2.3 Details on “UE Rx-Tx” measurement
“UE Rx-Tx” measurement exists in LTE and it has the following definition: 
	[bookmark: _Hlk4591806]Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink radio frame #i from the serving cell, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink radio frame #i.

The reference point for the UE Rx – Tx time difference measurement shall be the UE antenna connector. 

For a HD-FDD UE, if the UE does not receive any DL transmission in radio frame #i, it shall compensate for the difference in the received timing of radio frame #i and the radio frame in which it did receive a DL transmission used for TUE-RX estimation.

	Applicable for
	RRC_CONNECTED intra-frequency
Not applicable for NB-IoT Ues



We make the following observations related to the above definition:
· In LTE the above measurement was only happening from the serving cell, but for NR, the measurement would be from neighboring cells also. In that case, a cell index “k” is needed in the definition. 
· Similar to the RSTD definition, the reference point shall be different for FR1 and FR2. 
· 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). 
· In LTE, the Tx and Rx antenna connectors were indicated separately for eNB Rx-Tx, but not for UE Rx-Tx. In NR, especially in FR2, the Tx and Rx antennas may be different at the UE as well.
· In NR, there is not yet a HD-FDD capability, so the clarification related to the HD-FDD would not be currently needed for NR Rel-16 (and can stay for future work when such capability is introduced). 

Proposal 2: Define the “UE Rx-Tx” for NR Rel-16 as follows:
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX,k – TUE-TX

Where:
TUE-RX,k is the UE received timing of downlink radio frame #i from TRP k, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink radio frame in which it did receive the DL transmission used for TUE-RX,k estimation.

For frequency range 1, the reference point for  TUE-RX,k shall be the Rx antenna connector of the UE, and the reference point for TUE-TX shall be the Tx antenna connector of the UE.
Note: Up to RAN4 the definition of the reference point for FR2

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency



2.2 Details on DL RSRP measurements
In NR Rel-15 the following definition exists for CSI-RSRP:
	Definition
	CSI reference signal received power (CSI-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port(s) that carry CSI reference signals configured for RSRP measurements within the considered measurement frequency bandwidth in the configured CSI-RS occasions.

For CSI-RSRP determination CSI reference signals transmitted on antenna port 3000 according to 3GPP TS 38.211 [4] shall be used. If CSI-RSRP is used for L1-RSRP, CSI reference signals transmitted on antenna ports 3000, 3001 can be used for CSI-RSRP determination.

For intra-frequency CSI-RSRP measurements, if the measurement gap is not configured, UE is not expected to measure the CSI-RS resource(s) outside of the active downlink bandwidth part.

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

	Applicable for
	If CSI-RSRP is used for L1-RSRP,
RRC_CONNECTED intra-frequency.

Otherwise,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency


NOTE 1:	The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine CSI-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
NOTE 2:	The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
The following agreements were made in the previous meeting:
	Agreement:
DL PRS-RSRP is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port that carry a DL PRS resource configured for RSRP measurements within the considered measurement frequency bandwidth
· FFS: DL PRS-RSRP for 2 ports, if 2 port transmission of a DL PRS is agreed.

Agreement:
When receiver diversity is in use by the UE to obtain the DL PRS-RSRP measurement, the reported DL PRS-RSRP value shall not be lower than the corresponding DL PRS-RSRP of any of the individual receiver branches

Agreement:
Support inter-frequency DL PRS-RSRP measurements for NR positioning in Rel-16 when the UE is in RRC_CONNECTED state.



Starting from the above definition and the previous agreements, the following comments can be made:
· We don’t have ports defined yet for PRS, and also whether a PRS resource would have only 1 or it could have more than 1 ports. Therefore, this aspect could be updated after the discussion on PRS resource progresses further.
[bookmark: _Hlk942586]Proposal 3: There is no need to define a DL PRS-RSRP for 2 ports per PRS resource.
3. TRP measurements for NR Positioning
3.1 Details on UL RTOA measurements
In LTE the following definition for the UL RTOA has been made:
	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in LMU j, relative to the configurable reference time [13], [14]. 

The reference point [14] for the UL relative time of arrival shall be the RX antenna connector of the LMU node when LMU has a separate RX antenna or shares RX antenna with eNB and the eNB antenna connector when LMU is integrated in eNB. 



Based on the above definition, we make the following proposal:
· LMU has not yet defined in NR Rel-16, and it is part of the work of the RAN3 WG to provide a name for the “transmission measurement function”. For simplicitly of the discussion in RAN1 we call this “[TRP]” in the definition below.

Proposal 4: Define the “UL RTOA” for NR Rel-16 as follows:
	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in [TRP] j, relative to the configurable reference time. 

For frequency range 1, the reference point for the UL relative time of arrival shall be the Rx antenna connector of the [TRP]. 
Note: Up to RAN4 the definition of the reference point


Note: The name of the Transmission Measurement Function (e.g., LMU, TRP, gNB, etc) is up to RAN3 discussions, [TRP] is used as a placeholder instead. 
3.4 Details on “TRP Rx-Tx” measurements
The “eNB Rx-Tx” measurement exists in LTE and it has the following definition: 
	Definition
	The eNB Rx – Tx time difference is defined as T eNB-RX – TeNB-TX

Where:
T eNB-RX is the eNB received timing of uplink radio frame #i, defined by the first detected path in time.
T eNB-TX is the eNB transmit timing of downlink radio frame #i.



As we pointed out in previous measurements, the reference point of the measurement needs to be different for FR1 and FR2. Other than this change, no other change seems to be required, and therefore we make the following proposal:

Proposal 5: Define the “TRP Rx-Tx” for NR Rel-16 as follows:
	Definition
	The [TRP] Rx – Tx time difference is defined as T TRP-RX – TTRP-TX

Where:
T TRP-RX is the [TRP] received timing of uplink radio frame #i, defined by the first detected path in time.
T TRP-TX is the [TRP] transmit timing of downlink radio frame #i.

For frequency range 1, the reference point for TTRP-RX shall be the Rx antenna connector, and the reference point for TTRP-TX shall be the Tx antenna connector. 
Note: Up to RAN4 the definition of the reference point



3.3 Details on UL RSRP measurements
With regards to UL RSRP, further discussion and common understanding is needed to identify the usefulness of the SRS-RSRP as a base station measurement when it comes to UTDOA, RTT or AoA procedures. If the TRPs only report the AoA/ZoA estimates, together with some AoA/ZoA quality metrics, SRS-RSRP would be just a TRP internal measurement, and will not be reported back to the location server. 
Proposal 6: Discuss what is the usefulness of UL RSRP as a base station measurement for positioning purposes, e.g., is there a plan for the TRPs to forward their RSRP measurements to the location server? 
3.5 Details on UL AoA measurements
In LTE, the following definition exists for the UL AoA measurement: 
	Definition
	AoA defines the estimated angle of a user 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 eNB antenna for an UL channel corresponding to this UE.



A TRP would be required to report angle measurement to the LMF. There are two ways that an angle measurement can be defined, using the Global Coordinate System (GCS) or the Local Coordinate System (LCS), see for example TS 38.901 Section 7.1.2 and 7.1.3. Typically, a Global Coordinate System (GCS) is defined for a system comprising multiple BSs and UTs. However, an array antenna for a BS or a UT can be defined in a Local Coordinate System (LCS). An LCS is used as a reference to define the vector far-field that is pattern and polarization, of each antenna element in an array. The placement of an array within the GCS is defined by the translation between the GCS and a LCS. The orientation of the array with respect to the GCS is defined in general by a sequence of rotations). Note that any arbitrary mechanical orientation of the array can be achieved by rotating the LCS with respect to the GCS. 
A TRP performs angle measurements in the Local Coordinate system (e.g. it knows which beam corresponds in the boresight), but it may not be aware of its own orientation in the physical space. So, after it performs the RSRP measurements, it would need to compute the AoA and ZoA and feed them back to the LMF. If the TRP is aware of its own orientation, then it knows how th transform the LCS to GCS, and it could report using the GCS angles. On the other hand, if the TRP is not aware of its own orientation, it would need to report according to the LCS, and the LMF would need to have access to the orientation information to transform this report to the GCS (if needed). Therefore, to keep highest flexibility on the deployment scenario we propose to have both options specified as shown below. 
[bookmark: _Hlk16588367]Proposal 7: Define the “UL AoA and UL ZoA” for NR Rel-16 as follows:
· AoA () and ZoA () define the estimated angles of a user with respect to a configurable reference direction which are determined at the TRP antenna for an UL channel corresponding to this UE.
· The reference direction can be higher layer configured t:
· Option 1 (Global Coordinate System):
· For AoA, the geographical North, positive in a counter-clockwise direction.
· For ZoA, the zenith/vertical with  pointing to the zenith and  pointing to the horizon.
· Option 2 (Local Coordinate System): For AoA and ZoA, the reference direction is with respect to the Local Coordinate System (LCS) defined by the translation of the GCS to LCS using the set of angles  (bearing angle),  (downtilt angle),  (slant angle). 
4. Time-stamp of the Reports
4. Timing adjustment during a measurement period
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:
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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: 

Proposal 8:	NR supports the following signaling related to each individual “UE/TRP Rx-Tx/RTOA/RSTD” measurement:
· Time-stamp information during which each reported "UE/TRP Rx-Tx/RTOA/RSTD" is valid.
· Study whether this will be the frame number (SFN), and/or slot index, and/or finer granularity in a frame of the serving cell. 

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. 
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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]Proposal 9: 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.
5. Granularity of the Reports
5. Timing measurements
According to the commercial requirements for positioning, NR Rel-16 positioning should be able to support an accuracy of 3 m in the horizontal plane, which effectively results to a TOA accuracy of the order of 10 nsec. To ensure that the reporting granularity is not the bottleneck of the NR Rel-16 positioning, the entity performing the timing measurements (either the TRP, or the UE) would need to be able to report them to the location server at a precision level significantly better than the 10 nsec. 
In LTE, the UE Rx-Tx is measured using 12 bits, with a varying resolution of 2Ts for a difference less 4096Ts and of 8Ts for a difference more than 4096Ts. Note that Ts = 32.5 nsec, and therefore, in the best case, the reporting quality is 63 nsec which would result to an uncertainty which will would not be able to meet the commercial requirements.
[bookmark: _Hlk7611133]Observation 2: To meet commercial requirements, the reporting granularity of any timing measurement (RSTD, RTOA, UE Rx-Tx, TRP Rx-Tx) should have a step size which is significantly smaller than 10 nsec.  
For this reason, we make the following proposal considering forward compatibility aspects for future releases:
[bookmark: _Hlk15574039]Proposal 10: Timing measurements are reported using [16] bits with configurable precision, dependent on Tc = 0.509 nsec and a higher layer configured step T:
· The step size T may be configured using a step size factor u as follows:  T = Tc*2^u, where “u” is either 1,2,3,4,5,6
5. [bookmark: _GoBack]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:
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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.
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[bookmark: _Hlk15574054][bookmark: _Hlk16588376]Proposal 11: Azimuth Angle measurements are reported with a range [0,360] with one of the following options:
· Option 1: using 10 bits and a step of 0.5 degrees
· Option 2: 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:
· Option 1: using 9 bits and a step of 0.5 degrees
· Option 2: using 10 bits and a step of 0.25 degrees

6. 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:
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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: _Hlk4766385][bookmark: _Hlk4581957][bookmark: _Hlk16588385]Proposal 12:	Propose a configurable logarithm scale of the measurement error of the timing and angle measurrements which is configured with the following three parameters:
· Minimum error (MIN_VAL)
· Maximum error (MAX_VAL)
· Number of bits (NUM_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
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7. Conclusion 
In this contribution, we make the following proposals:
Proposal 1: Define the DL RSTD for NR Rel-16 as the time difference with respect to the subframe timings associated with the different TRPs (Option 1)
· Note: Based on agreement, it should be possible for a UE to report which PRS resource set, or PRS resource(s) from one PRS resource set from each TRP is used to derive the reported RSTD values.

Proposal 2: Define the “UE Rx-Tx” for NR Rel-16 as follows:
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX,k – TUE-TX

Where:
TUE-RX,k is the UE received timing of downlink radio frame #i from TRP k, defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink radio frame in which it did receive the DL transmission used for TUE-RX,k estimation.

For frequency range 1, the reference point for  TUE-RX,k shall be the Rx antenna connector of the UE, and the reference point for TUE-TX shall be the Tx antenna connector of the UE.
Note: Up to RAN4 the definition of the reference point for FR2

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency



Proposal 3: There is no need to define a DL PRS-RSRP for 2 ports per PRS resource. Add the following Notes related to the RSRP measurement similar to CSI-RSRP measurement: 
· NOTE 1:	The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine PRS-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
· NOTE 2:	The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.

Proposal 4: Define the “UL RTOA” for NR Rel-16 as follows:
	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in [TRP] j, relative to the configurable reference time. 

For frequency range 1, the reference point for the UL relative time of arrival shall be the Rx antenna connector of the [TRP]. 
Note: Up to RAN4 the definition of the reference point


Note: The name of the Transmission Measurement Function (e.g., LMU, TRP, TRP, etc) is up to RAN3 discussions, [TRP] is used as a placeholder instead. 
Proposal 5: Define the “TRP Rx-Tx” for NR Rel-16 as follows:
	Definition
	The TRP Rx – Tx time difference is defined as T TRP-RX – TTRP-TX

Where:
T TRP-RX is the TRP received timing of uplink radio frame #i, defined by the first detected path in time.
T TRP-TX is the TRP transmit timing of downlink radio frame #i.

For frequency range 1, the reference point for TTRP-RX shall be the Rx antenna connector, and the reference point for TTRP-TX shall be the Tx antenna connector. 
Note: Up to RAN4 the definition of the reference point



Proposal 6: Discuss what is the usefulness of UL RSRP as a base station measurement for positioning purposes, e.g., is there a plan for the TRPs to forward their RSRP measurements to the location server? 
Proposal 7: Define the “UL AoA and UL ZoA” for NR Rel-16 as follows:
· AoA () and ZoA () define the estimated angles of a user with respect to a configurable reference direction which are determined at the TRP antenna for an UL channel corresponding to this UE.
· The reference direction can be higher layer configured t:
· Option 1 (Global Coordinate System):
· For AoA, the geographical North, positive in a counter-clockwise direction.
· For ZoA, the zenith/vertical with  pointing to the zenith and  pointing to the horizon.
· Option 2 (Local Coordinate System): For AoA and ZoA, the reference direction is with respect to the Local Coordinate System (LCS) defined by the translation of the GCS to LCS using the set of angles  (bearing angle),  (downtilt angle),  (slant angle). 

Proposal 8:	NR supports the following signaling related to each individual “UE/TRP Rx-Tx/RTOA/RSTD” measurement:
· Time-stamp information during which each reported "UE/TRP Rx-Tx/RTOA/RSTD" is valid.
· Study whether this will be the frame number (SFN), and/or slot index, and/or finer granularity in a frame of the serving cell. 

Proposal 9: 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.

Proposal 10: Timing measurements are reported using [16] bits with configurable accuracy dependent on Tc = 0.509 nsec and a step Ts:
· The step size Ts may be configured using a step size factor u as follows:  Ts = Tc*2^u, where “u” is either 1,2,3,4,5,6

Proposal 11: Azimuth Angle measurements are reported with a range [0,360] with one of the following options:
· Option 1: using 10 bits and a step of 0.5 degrees
· Option 2: 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:
· Option 1: using 9 bits and a step of 0.5 degrees
· Option 2: using 10 bits and a step of 0.25 degrees

Proposal 12:	Propose a configurable logarithm scale of the measurement error of the timing measurrements which is configured with the following three parameters:
· Minimum error (MIN_VAL)
· Maximum error (MAX_VAL)
· Number of bits (NUM_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
8. [bookmark: _Ref450583331]References
[bookmark: _Hlk5029733][1] RP-190752, “New WID: NR Positioning Support”, Intel, Ericsson
[2] 36.214, “3GPP E-UTRA  Physical layer Measurements”
[3] 38.215, “3GPP NR Physical layer measurements”
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Introduction


 


In the last meeting (RAN1#97, Reno), the following agreements were made with regards to measurements for positioning:


 


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 diff


erent 


TPs


 


·


 


Option 3: RSTD is defined as the time


 


difference with respect to the timings associated with the DL PRS resources of different 


TPs


 


·


 


Note: Definition of the RSTD applies at least to the RSTD measurements obtained from DL PRS. It does not preclude the RSTD 


obtained from other DL RS.


 


 


Agreement:


 


·


 


For FR1, the reference point of the RSTD measurement is the Rx antenna connector of the UE


 


·


 


For FR2, RAN1 has considered the following options as the reference point of the RSTD measurement. The final decision is up t


o 


RAN4 on how to define the reference p
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Option 1: the combined signal from antenna elements corresponding to a given receiver
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FFS: DL PRS
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RSRP for 2 ports, if 2 port transmission of a DL PRS is agreed.
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RSRP of any of the individual receiver branches


 


 


Agreement:


 


Support inter


-


frequency DL PRS


-


RSRP measurements for NR po


sitioning in Rel


-
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FFS: The details of these quality metrics
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