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1. [bookmark: _GoBack]Introduction
A new work item on "NR Positioning Support" has been agreed at RAN#83 [1]. The objectives include:
RAN1 centric objectives
…
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
…
At RAN1#96bis, the following agreements were made:
Agreement:
Intra-frequency and inter-frequency DL RSTD measurements (currently supported to be based at least on DL PRS) are supported in RRC_CONNECTED mode 
Agreement:
At least intra-frequency DL PRS-RSRP measurements are supported in RRC_CONNECTED mode
· FFS: Inter-frequency DL PRS-RSRP measurements in RRC_CONNECTED mode
Agreement:
· The network can indicate one or more of the following for the UE to use to determine a reference (reference time based on the DL PRS Resource ID(s)) for DL RSTD measurements. 
· A DL PRS Resource ID 
· A subset of DL PRS Resource IDs from a single DL PRS Resource set
· A DL PRS Resource set
Agreement:
· The UE may use different DL PRS Resource ID(s) (with the condition that the multiple DL PRS Resource IDs belong to a single DL PRS Resource set) or a different DL PRS Resource set for determining the reference for the RSTD measurement, and if it chooses to do so, it should report the DL PRS Resource ID(s) and/or the information on the DL PRS Resource set used to determine the reference
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



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
· The reference point in FR2 cannot be the antenna connector of the UE, since there is no accessible ‘connector’ for FR2 antennas. For power-related measurements (RSRP, RSRQ, SINR), in Rel15 RAN4 already discussed and arrived at a definition of FR2 reference point by stating that the measurement-variable needs to be the measured based on the combined signal from the antenna elements corresponding to a given receiver branch. This captures the idea that the analog combining gain should be included in the measured RSRP. This approach has been used in Rel15 for SS-RSRP, CSI-RSRP, SS-RSRQ, CSI-RSRQ, SS-SINR, CSI-SINR, SS-RSRPB. We shown the example below of the SS-RSRP. 
[image: ]
· Bearing in mind that RAN4 may have limited time to discuss the issue again for positioning, it may be expedient for RAN1 to simply follow the same approach for power related measurements. For timing related measurements (RSTD, RTOA, Rx-Tx at UE and gNB), it is ideally desired to know or estimate the time of arrival of the relevant signal at the antenna itself. This time may indeed be slightly different for different antenna elements, however, this applies to power related measurements as well, and the measurement definition itself did not attempt to spell out the procedure for which antenna is to be used as reference. Thus the same approach can be followed for the timing related measurements as well. Thus, the reference is the antenna connector for FR1 and the antenna for FR2.


Based on the above discussion, we make the following proposal.
Proposal 1: Define the DL RSTD for NR Rel-16 as follows:
	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. 

For frequency range 1, the reference point for the observed subframe time difference shall be the antenna connector of the UE. For frequency range 2, the reference point for the observed subframe shall be the antenna of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency
FFS: RRC_IDLE intra-frequency
FFS: RRC_IDLE inter-frequency
FFS: RRC_INACTIVE intra-frequency
FFS: RRC_INACTIVE inter-frequency



Note that as per the agreement from RAN1#96bis, the reference for RSTD may be a beam or a set of beams rather than a cell as proposed above. However, the set of beams 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.
[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 cell 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. For frequency range 2, the reference point for TUE-RX,k shall be the RX antenna of the UE, and the reference point for TUE-TX shall be the TX antenna of the UE.

	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.
Starting from the above definition, 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: Use the NR Rel-15 “CSI-RSRP” definition as a starting point for the NR Rel-16 “PRS-RSRP”, 
	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 PRS reference signals within the considered measurement frequency bandwidth in the configured PRS occasions.

FFS: Port number used for each PRS-RSRP measurement. 

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. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported PRS-RSRP value shall not be lower than the corresponding PRS-RSRP of any of the individual receiver branches.

	Applicable for
	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 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.
3. gNB 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 “[gNB]” 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 [gNB] 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 [gNB]. For frequency range 2, the reference point for the UL relative time of arrival shall be the Rx antenna of the [gNB]. 


Note: The name of the Transmission Measurement Function (e.g., LMU, TRP, gNB, etc) is up to RAN3 discussions, [gNB] is used as a placeholder instead. 
3.4 Details on “gNB 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.
The reference point for TeNB-RX shall be the Rx antenna connector.
T eNB-TX is the eNB transmit timing of downlink radio frame #i.
The reference point for TeNB-TX shall be the Tx antenna connector.



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 “gNB Rx-Tx” for NR Rel-16 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 uplink radio frame #i, defined by the first detected path in time.
T gNB-TX is the gNB transmit timing of downlink radio frame #i.

For frequency range 1, the reference point for TgNB-RX shall be the Rx antenna connector, and the reference point for TgNB-TX shall be the Tx antenna connector. For frequency range 2, the reference point for TgNB-RX shall be the Rx antenna, and the reference point for TgNB-TX shall be the Tx antenna. 



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 gNBs only report the AoA estimates, together with some AoA quality metrics, SRS-RSRP would be just a gNB 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 gNBs 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.



[bookmark: _Hlk5029578]Proposal 7: Define the “UL AoA and UL ZoA” for NR Rel-16 as follows:
	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 gNB antenna for an UL channel corresponding to this UE.

	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/vertical with  pointing to the zenith and  pointing to the horizon. 
The ZoA is determined at the gNB antenna for an UL channel corresponding to this UE.


4. Conclusion 
In this contribution, we make the following proposals:
Proposal 1: Define the DL RSTD for NR Rel-16 as follows:
	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. 

For frequency range 1, the reference point for the observed subframe time difference shall be the antenna connector of the UE. For frequency range 2, the reference point for the observed subframe shall be the antenna of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency
FFS: RRC_IDLE intra-frequency
FFS: RRC_IDLE inter-frequency
FFS: RRC_INACTIVE intra-frequency
FFS: RRC_INACTIVE inter-frequency



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 cell 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. For frequency range 2, the reference point for TUE-RX,k shall be the RX antenna of the UE, and the reference point for TUE-TX shall be the TX antenna of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency



Proposal 3: Use the NR Rel-15 “CSI-RSRP” definition as a starting point for the NR Rel-16 “PRS-RSRP”, 
	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 PRS reference signals within the considered measurement frequency bandwidth in the configured PRS occasions.

FFS: Port number used for each PRS-RSRP measurement. 

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. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported PRS-RSRP value shall not be lower than the corresponding PRS-RSRP of any of the individual receiver branches.

	Applicable for
	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 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 [gNB] 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 [gNB]. For frequency range 2, the reference point for the UL relative time of arrival shall be the Rx antenna of the [gNB]. 


Note: The name of the Transmission Measurement Function (e.g., LMU, TRP, gNB, etc) is up to RAN3 discussions, [gNB] is used as a placeholder instead. 
Proposal 5: Define the “gNB Rx-Tx” for NR Rel-16 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 uplink radio frame #i, defined by the first detected path in time.
T gNB-TX is the gNB transmit timing of downlink radio frame #i.

For frequency range 1, the reference point for TgNB-RX shall be the Rx antenna connector, and the reference point for TgNB-TX shall be the Tx antenna connector. For frequency range 2, the reference point for TgNB-RX shall be the Rx antenna, and the reference point for TgNB-TX shall be the Tx antenna. 



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 gNBs to forward their RSRP measurements to the location server? 
Proposal 7: Define the “UL AoA and UL ZoA” for NR Rel-16 as follows:
	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 gNB antenna for an UL channel corresponding to this UE.

	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/vertical with  pointing to the zenith and  pointing to the horizon. 
The ZoA is determined at the gNB antenna for an UL channel corresponding to this UE.
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For frequency range 1, the reference point for the SS-RSRP shall be the antenna connector of
the UE. For frequency range 2, SS-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 SS-RSRP value shall not be lower than the

corresponding SS-RSRP of any of the individual receiver branches.





