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In 3GPP RAN#83, a WI to standardize positioning [1] was approved. The objective for RAN1 includes the following aspects regarding physical layer measurements
	Define UE measurements based on DL reference signals applicable for NR positioning. The following UE measurements are specified for serving, reference, and neighboring cells [RAN1]
· DL RSTD (reference signal time difference) measurements for NR positioning
· DL RSRP (reference signal received power) measurements for NR positioning
· UE RX-TX time difference measurements for NR positioning
Define gNB measurements based on UL reference signals applicable for NR positioning. The following gNB measurements are specified [RAN1]:
· UL RTOA (relative time of arrival) measurements for NR positioning
· UL Angle of Arrival (AoA) measurements (including Azimuth and Zenith Angles) for NR positioning
· UL RSRP (reference signal received power) measurements for NR positioning
· gNB RX-TX time difference measurements for NR positioning



In this contribution, we discuss the physical layer measurements to enable NR positioning, including both UE measurements and NG-RAN (gNB) measurements. We also provide some consideration on the measurement quality indication to facilitate positioning. Our companion contribution [5] discusses the mapping between positioning techniques and the corresponding measurements.

Discussion
UE measurements
RSTD
The definition of RSTD in LTE [2] is shown as follows. The illustration of how RSTD is measured is shown in Figure 1.
	Definition
	The relative timing difference between the neighbouring cell j and the reference cell i, defined as TSubframeRxj – TSubframeRxi, where: TSubframeRxj is the time when the UE receives the start of one subframe from cell j TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j. 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



Subframe x of reference cell i
Subframe y of neighbour cell j
RSTD
TSubframeRxi
TSubframeRxj

[bookmark: _Ref3465212]Figure 1 Illustration of RSTD

The same principle of defining RSTD can be considered for NR. In addition, the Rel-15 specification [3] already specifies an NR UE to measures RTSD between E-UTRAN nodes, and we do not see any reason to preclude those for OTDOA positioning in conjunction with NR nodes.
Table 1 summarizes the current status of RSTD measurement in NR specification, and in our view, RSTD based on both all NR nodes, and mixed E-UTRAN and NR nodes should also be supported, and thus RSTD can still be an inter-RAT measurement.
[bookmark: _Ref3536621]Table 1 Status of RSTD measurement for NR UE
	Conditions
	All E-UTRAN nodes
	All NR nodes
	Mixed E-UTRAN and NR nodes

	Status
	Already specified in TS 38.215 as only inter-RAT measurement
	To be specified
	To be specified



Proposal 1: Support RSTD measurements based on:
· All E-UTRAN nodes
· All NR nodes
· Mixed E-UTRAN and NR nodes
In summary, we propose the following definition of RSTD.
	Definition
	The relative timing difference between the neighbouring cell j and the reference cell i, defined as TSubframeRxj – TSubframeRxi, where TSubframeRxj is the time when the UE receives the start of one subframe from cell j, TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j.

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

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

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency
RRC_CONNECTED inter-RAT



PRS-RSRP
The definition of PRS-RSRP can be carried over from CSI-RSRP defined in [3] as follows.
	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.

CSI-RSRP is defined for
· CSI-RS for BM, which is only limited to the serving cell and is beam-specific
· CSI-RS for mobility, which may involve neighbouring cells and is beam-specific and cell-specific
Since the main motivation of introducing PRS-RSRP is DL-AoD, where the UE measures beam-specific RSRP with respect to neighbouring cells, we suggest to remove for the time being the receiver diversity and the restriction of condition for intra-frequency only in the CSI-RSRP definition. Note that the port indexing and antenna port(s) used for RSRP measurement are FFS.
	Definition
	PRS reference signal received power (PRS-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements of the antenna port(s) that carry positioning reference signals configured for RSRP measurements within the considered measurement frequency bandwidth in the configured PRS occasions.

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

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

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

	Applicable for
	RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency



UE Rx – Tx time difference
The definition of UE Rx – Tx time difference in LTE [2] is shown as follows. The illustration of how RSTD is measured is shown in Figure 2.
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE receive timing of downlink radio frame #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



Receive timing of downlink radio frame #i
Transmit timing of uplink radio frame #i
Rx – Tx time difference
TUE-Rx
TUE-Tx

[bookmark: _Ref3537480]Figure 2 Illustration of UE Rx-Tx time difference

The same principle of defining UE Rx – Tx time difference can be considered for NR. Since NR is also extending the Rx – Tx time difference to neighbouring cells, the following two alternatives can be considered:
· Alt. 1 (UE Tx timing based on a neighbouring cell): extend the definition of both Rx time and Tx time based the frame timing of a cell that UE attempts to measure RTT
· Alt. 2 (UE Tx timing based on the serving cell): extend the definition of Rx time based on the frame timing of a cell that UE attempts to measure RTT, while keep the Tx time based on the frame timing of the serving cell.
Note that two alternatives have their own respective counter-part on NG-RAN measurements for RTT estimation, and will be discussed in Section 2.2.3.
Alt. 1 UE Tx timing based on a neighbouring cell
The definition for Alt. 1 is a simple extension of Figure 2 to neighbouring cells. In this alternative, UE has to synchronize both its DL and UL to a neighbouring cell, implying that the DL and UL RS configuration are based on the timing from the neighbouring cell.
Receive timing of downlink radio frame #i
Transmit timing of uplink radio frame #i
Rx – Tx time difference
TUE-Rx
TUE-Tx
Transmit timing of UL SFN #j of the serving cell targeting the serving cell

Figure 3 UE Rx-Tx time difference when Rx and Tx time are measured from the same neighbouring cells

The definition is given as follows:
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

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

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

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

	Applicable for
	RRC_CONNECTED intra-frequency



Alt. 2 UE Tx timing based on the serving cell
Figure 4 illustrates how Rx – Tx time difference is measured in Alt.2. In this alternative, 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. Additional TA (or different TA) compared to the UL RS targeting the serving cell may also be considered to reduce the interference to the neighbouring cell. 
To address the SFN or subframe misalignment between the serving cell and the neighbouring cell, the similar mechanism to RSTD definition can be considered. For example, the UL system frame or subframe number of the serving cell can be selected to be the one that is closest in time to the DL system frame or subframe number of the neighbouring cell.
Receive timing of DL SFN #i of the neighbour cell
Transmit timing of UL SFN #j of the serving cell targeting the neighbour cell
Rx – Tx time difference
TUE-Rx
TUE-Tx
Transmit timing of UL SFN #j of the serving cell targeting the serving cell
Additional TA

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

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

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

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

	Applicable for
	RRC_CONNECTED intra-frequency



NG-RAN measurement
UL-RTOA
In LTE, UL-RTOA was specified as the LMU measurement [2], defined as the relative time of arrival to a configurable time, shown as follows. 
	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. 



Since LMU may not have any specific frame structure, E-SMLC would indicate the LMU with an RTOA reference time and SRS search window configuration. 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.
For the multiple SRS resources for NR UL-TDOA, a common UL frame timing between those SRS resources is desired. Since SRS is configured in the serving cell, the UL frame timing should be based on the serving cell. In addition, to reduce the interference to the neighbouring cell, additional TA (different TA) compared to the TA of the serving cell can be applied. When the gNB reports UL-RTOA to LMF, the TA (if applied) should also be taken into account to derive UL-TDOA.
Observation 1: It simplifies the location serving to derive UL-TDOA from UL-RTOA if SRS timing for UL-TDOA is based on that of the serving cell.
Due to the more flexibility of SRS resource configuration, including group/sequence hopping, and frequency hopping, it is beneficial for the neighbouring gNB to be aware of the UL frame timing to properly receive SRS, e.g., detect SRS sequence and/or SRS frequency hop. One way is to indicate to the neighbouring cell of the SFN initialization time of the serving cell, so that the neighbouring cell can on its own calculate the SRS sequence and the SRS frequency hop.
Proposal 2: Support indication to the neighbouring cell of the SFN initialization time of the serving cell that configures SRS received by that neighbouring cell.
· Send an LS to RAN3
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.
	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received at a gNB j relative to the beginning of subframe i of the serving gNB derived in reference to its SFN initialization time. 

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



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

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

For frequency range 1, the reference point for the SRS-RSRP shall be the Rx antenna connector. For frequency range 2, SRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use, the reported SRS-RSRP value shall not be lower than the corresponding SRS-RSRP of any of the individual receiver branches.



gNB Rx – Tx time difference
The same discussion on UE Rx – Tx time difference can be considered for gNB Rx – Tx time difference. We also consider the following two alternatives.
Alt. 1 UE Tx timing based on a neighbouring cell
In Alt. 1, UE Tx is synchronized to the neighbouring cell. To receive the UE, the neighbouring gNB can treat the non-served UE in the same way as those served UE, thanks to the UL synchronization, shown in Figure 6. 
Receive timing of downlink radio frame #i
Transmit timing of uplink radio frame #i
TUE-Rx
TUE-Tx
Transmit timing of downlink radio frame #i
Receive timing of uplink radio frame #i
Rx – Tx time difference
TgNB-Rx
TgNB-Tx
UE
gNB

[bookmark: _Ref3565044]Figure 6 Illustration of gNB Rx-Tx time difference when SRS timing is based on that cell

The definition is given as follows:
	Definition
	The gNB Rx – Tx time difference is defined as T gNB-RX – TgNB-TX

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

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

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



Alt. 2 UE Tx timing based on the serving cell
In Alt. 2, UE Tx is synchronized to the serving cell. To receive the UE, the neighbouring gNB has to synchronize to UL timing of the serving gNB, and the transmit timing can be based on its own timing.
To address the SFN or subframe misalignment between serving cell and neighbouring cell, the similar mechanism to RSTD definition can be considered. For example, the UL system frame or subframe number of the serving cell can be selected to be the one that is closest in time to the DL system frame or subframe number of the neighbouring cell.
gNB
UE
Receive timing of DL SFN #i of the neighbour cell
Transmit timing of UL SFN #j of the serving cell targeting the neighbour cell
TUE-Rx
TUE-Tx
Transmit timing of DL SFN #i of the neighbour cell
Receive timing of UL SFN #j of the serving cell targeting the neighbour cell
Rx – Tx time difference
TgNB-Tx
TgNB-Rx

Figure 7 Illustration of gNB Rx-Tx time difference when SRS timing is based on the serving cell
The definition is given as follows:
	gNB Rx-Tx time difference
	The gNB Rx – Tx time difference is defined as T gNB-RX – TgNB-TX

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

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

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



In our view, Alt. 2 has the following merits at the cost of acceptable gNB implementation complexity in case of asynchronous cells
· Very small specification impact
· Low UE complexity since UE does not have to synchronize to a neighbouring cell
· In TDD band, neighbouring cells are assumed synchronized (within 3us) to one serving cell on a frequency layer
 We propose to support UE Tx timing only based on the serving cell for Rel-16.
Proposal 3: Limit the UE Tx timing to the serving cell(s) in Rel-16.

Azimuth angle of arrival (AoA)
The definition of AoA in LTE [2] is shown as follows. The illustration of how AoA is measured is shown in Figure 8.
	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.



North
West
Horizontal plane


zenith

[bookmark: _Ref3796340]Figure 8 Illustration of AoA and ZoA

Unlike LTE, since 3D MIMO is commonly deployed in NR, we split the angle into azimuth angle (AoA) and zenith angle (ZoA), where AoA is defined within the horizontal plane, into which the 3D direction projects, relative to the geographical North, as denoted by  in Figure 8. The terminology of AoA should not preclude the acquisition based on DL signals, e.g., AoD, since both AoA in a narrow sense (based on UL measurement) and AoD represent the same physical parameter, i.e., the direction of UE, and can be included in the AoA definition in a wide sense. The definition is given as follows:
	Definition
	AoA defines the estimated angle of a user in the horizontal plane with respect to a reference direction. The reference direction for this measurement shall be the geographical North, positive in a counter-clockwise direction.

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



AoA is the UE direction defined in the global coordinate system (GCS), and thus if the angle is derived based on the local coordinate system (LCS) of the antenna array at gNB, transformation between two coordinate systems as defined in [4] should be applied.
Zenith angle of arrival (ZoA)
The illustration of how ZoA is measured is shown in Figure 8. ZoA is defined as the angle towards zenith, taken from [0, 180] degrees, as denoted by  in Figure 8. For example,  points to the zenith, and  points the horizon. The terminology of ZoA should not preclude the acquisition based on DL signals, e.g., ZoD, since both ZoA in a narrow sense (based on UL measurement) and ZoD represent the same physical parameter, i.e., the direction of UE, and can be included in the ZoA definition in a wide sense. The definition is given as follows:
	Definition
	ZoA defines the estimated angle of a user with respect to a reference direction. The reference direction for this measurement shall be the zenith.

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



Measurement quality
Since positioning involves multiple base stations that have different levels of signal quality, the measurements based on the signals from those station also have different levels of reliability. To completely exclude those less reliable measurements would limit the availability of UE. Therefore, a soft-combining based on all measurements where the reliable measurement has a heavy weight would be more desired.
In LTE, RSTD quality was introduced in OTDOA [6]. For NR, we have identified the following measurement quality at either gNB or UE.
· UE measurement quality
· RSTD quality
· UE Rx – Tx time difference quality
· gNB measurement quality
· UL-RTOA quality
· gNB Rx – Tx time difference quality
· AoA/ZoA quality
Those qualities should be reported to LMF either by the UE or by the gNB along with the corresponding measurement. The details on how a quality can be quantized are FFS.
Proposal 4: Support the measurement quality for the following measurements:
· UE measurement quality
· RSTD quality
· UE Rx – Tx time difference quality
· gNB measurement quality
· UL-RTOA quality
· gNB Rx – Tx time difference quality
· AoA/ZoA quality

[bookmark: _Ref129681832]Conclusion
In this contribution, we provided our view on measurement to be specified for NR positioning. Based on the discussion, we have the following proposals:
Observation 1: It simplifies the location serving to derive UL-TDOA from UL-RTOA if SRS timing for UL-TDOA is based on that of the serving cell.
Proposal 1: Support RSTD measurements based on:
· All E-UTRAN nodes
· All NR nodes
· Mixed E-UTRAN and NR nodes
Proposal 2: Support indication to the neighbouring cell of the SFN initialization time of the serving cell that configures SRS received by that neighbouring cell.
· Send an LS to RAN3
Proposal 3: Limit the UE Tx timing to the serving cell(s) in Rel-16.
Proposal 4: Support the measurement quality for the following measurements:
· UE measurement quality
· RSTD quality
· UE Rx – Tx time difference quality
· gNB measurement quality
· UL-RTOA quality
· gNB Rx – Tx time difference quality
· AoA/ZoA quality
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