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Introduction
Issues related to Rel-16 NR UE/gNB positioning measurements were further discussed in RAN1#100b-e [1], and most of them were resolved [2]. In this contribution, we discuss some remaining issues.

Discussion
‘Positioning node’ in TS 38.215
The terminology ‘Positioning Node’ is used in TS 38.215, but it is undefined in the 3GPP specification. In previous meetings, there were proposals for the clarification of this terminology (e.g., [5][6]), but this issue is not resolved due to the consideration that the issue may have lower priority than other issues on UE/gNB positioning measurements. Given that most of the issues related to UE/gNB positioning measurements were resolve, we think it is time for us to resolve this issue in this meeting. Given that TP/RP/TRP are already defined in TS 38.305, it is reasonable to replace the terminology ‘Positioning Node’ in TS 38.215 by the terminology ‘Transmission Point (TP)’ or ‘Reception Point (RP)’ or ‘Transmission and Reception Point (TRP)’.
[bookmark: p1]Proposal 1: 
· Replace the terminology ‘Positioning Node’ in TS 38.215 by ‘Transmission Point (TP)’ or ‘Reception Point (RP)’, or ‘Transmission and Reception Point (TRP)’ where applicable. The proposed TR is presented in Appendix A.

Inter-frequency UE Rx – Tx time difference
In the last meeting, there was a discussion on whether to support inter-frequency UE Rx-Tx time difference measurements, and the following 3 Proposals were presented at the end of the discussion without conclusion [3]:
· P1: Limit UE Rx – Tx time difference only to PRS and SRS in the same band. 
· P2: If an SRS resource set ID is given in the UE Rx-Tx time difference measurement configuration, then TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i as estimated based on transmission timing of the SRS resource set with the given ID transmitted closest in time to the downlink subframe #i. TUE-TX shall be measured on the band on which the SRS Resource set is transmitted. If an SRS resource set ID is not given in the UE Rx-Tx time difference measurement configuration, then TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the positioning node. TUE-RX and TUE-TX shall be measured on the same band.
· P3: For each UE Rx-Tx measurement, a UE may report, subject to UE capability, the band indices associated with the PRS and SRS that were used for the measurement, unless both the PRS and SRS were measured on the same band. If a UE is configured with SRS for positioning and PRS in the same band, the UE shall report in the nr-UE-RxTxTimeDiff IE the measurement derived with the SRS and PRS configured in this band; the UE can also report, subject to UE capability, in the nr-Multi-RTT-AdditionalMeasurements IE additional UE Rx-Tx measurements derived from SRS and PRS of different bands. 

Our understanding is that UE Rx – Tx time difference measurements can be obtained for the scenarios where PRS and SRS are in the same band or different bands. For the scenarios when UE Rx – Tx time difference measurements are obtained from PRS and SRS in different bands, and when DL PRS and/or UL SRS for positioning are transmitted in multiple bands,  there is a need to indicate bands associated with the PRS and SRS together with UE Rx-Tx time difference measurement in the measurement report.
[bookmark: p2]Proposal 2: 
· Whether a UE supports inter-band UE Rx-Tx measurements is subject to UE capability;
· For inter-band UE Rx-Tx measurements, if a UE is configured for the reception of DL PRS from more than one band, the UE should report the band of the DL PRS, which is used for the inter-band UE Rx-Tx measurement; if a UE is configured for the transmission of SRS for positioning in more than one band, the UE should report the band of the transmission of SRS for positioning, which is used for the inter-band UE Rx-Tx measurement.

Search window for configuration gNB to receive SRS
For DL TDOA, to support the UE to detect the DL PRS, NR supports the LMF to provide a UE with the search window information for the reception of the DL PRS. In general, the search window for the reception of DL PRS is determined based on the signal propagation time from the transmitter to the receiver, which is estimated based on the known position of the TRP and the approximate position of the UE, as well as the uncertainty of the time offset between the transmitter and the receiver and the uncertainty of the signal propagation time estimation.

For UL TDOA, NR currently does not support the LMF to provide a TRP with the search window information for the reception of the UL SRS transmitted from a UE, although in principle the LMF can follow the same approach as DL TDOA to provide the search window information, as proposed in [7].
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Figure 1 The search windows for TDOA and AoA


Here we propose another way to aid the TRP for the reception of the UL SRS for positioning, not only for UL-TDOA but also for the AOA. In this approach, the LMF will provide the TRP with the approximate UE’s position, and the uncertain of the UE’s position to the TRP instead of the TOA search window information. This approach has the following advantages (Figure 1):
1) For RTOA measurements, the TRP can determine the RTOA search window based on its location and the approximate UE’s position and the uncertain of the UE’s position from LMF. That is, it fulfills the same function as the LMF provides the search window information for the reception of SRS for positioning;
2) For AOA, from the approximate UE’s position and the uncertain of the UE’s position, as well as the TRP position, may also determine the AOA search window, which may significantly reduce the AOA search time as well as improve the accuracy of AOA, especially considering that correctly determine AOA becomes very difficult in multipath scenarios.     

[bookmark: p3]Proposal 3:
· Support LMF to provide the estimated UE position and uncertainty associated with the estimated UE position to TRP for aiding the TRP to measure RTOA and AOA.
· Send an LS to RAN3 if the proposal is agreed
· Note: The details of the IE parameters can be determined by RAN3, e.g., expressed as an ellipsoid point with altitude and uncertainty as shown in the following table.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Latitude Sign
	M
	
	ENUMERATED (North, South)
	

	Degrees Of Latitude
	M
	
	INTEGER
(0..223-1)
	The IE value (N) is derived by this formula:
N223 X /90  N+1
X being the latitude in degrees (0°.. 90°).

	Degrees Of Longitude
	M
	
	INTEGER
(-223..223-1)
	The IE value (N) is derived by this formula:
N224 X /360  N+1
X being the longitude in degrees (-180°..+180°).

	Direction of Altitude
	M
	
	ENUMERATED (Height, Depth)

	

	Altitude
	M
	
	INTEGER
(0..215-1)
	The relation between the value (N) and the altitude (a) in meters it describes is N  a < N+1, except for N=215-1 for which the range is extended to include all greater values of (a).

	Uncertainty
	M
	
	INTEGER (0..127)
	The maximum uncertainty expressed in metres is derived from the “uncertainty code” k, by:
h=45x(1.025k-1).





Conclusions
In this contribution, we further discussed some remaining issues on Rel-16 NR UE/gNB positioning measurements. Based on the discussion, we have the following proposals:
Proposal 1: 
· Replace the terminology ‘Positioning Node’ in TS 38.215 by ‘Transmission Point (TP)’ or ‘Reception Point (RP)’, or ‘Transmission and Reception Point (TRP)’ where applicable. The proposed TR is presented in Appendix A.
Proposal 2: 
· Whether a UE supports inter-band UE Rx-Tx measurements is subject to UE capability;
· For inter-band UE Rx-Tx measurements, if a UE is configured for the reception of DL PRS from more than one band, the UE should report the band of the DL PRS, which is used for the inter-band UE Rx-Tx measurement; if a UE is configured for the transmission of SRS for positioning in more than one band, the UE should report the band of the transmission of SRS for positioning, which is used for the inter-band UE Rx-Tx measurement.
Proposal 3:
· Support LMF to provide the estimated UE position and uncertainty associated with the estimated UE position to TRP for aiding the TRP to measure RTOA and AOA.
· Send an LS to RAN3 if the proposal is agreed
· Note: The details of the IE parameters can be determined by RAN3, e.g., expressed as an ellipsoid point with altitude and uncertainty as shown in the following table.

	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Latitude Sign
	M
	
	ENUMERATED (North, South)
	

	Degrees Of Latitude
	M
	
	INTEGER
(0..223-1)
	The IE value (N) is derived by this formula:
N223 X /90  N+1
X being the latitude in degrees (0°.. 90°).

	Degrees Of Longitude
	M
	
	INTEGER
(-223..223-1)
	The IE value (N) is derived by this formula:
N224 X /360  N+1
X being the longitude in degrees (-180°..+180°).

	Direction of Altitude
	M
	
	ENUMERATED (Height, Depth)

	

	Altitude
	M
	
	INTEGER
(0..215-1)
	The relation between the value (N) and the altitude (a) in meters it describes is N  a < N+1, except for N=215-1 for which the range is extended to include all greater values of (a).

	Uncertainty
	M
	
	INTEGER (0..127)
	The maximum uncertainty expressed in metres is derived from the “uncertainty code” k, by:
h=45x(1.025k-1).
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Appendix A: TP for TS 38.215
	[bookmark: _Toc524695266][bookmark: _Toc29045130][bookmark: _Toc29901471][bookmark: _Toc29901518][bookmark: _Toc35596399]5.1.29	DL reference signal time difference (DL RSTD)
	Definition
	DL reference signal time difference (DL RSTD) is the DL relative timing difference between the positioning nodeTransmission Point (TP) j and the reference positioning nodeTP i, defined as TSubframeRxj – TSubframeRxi,

Where:
TSubframeRxj is the time when the UE receives the start of one subframe from positioning nodeTP j.
TSubframeRxi is the time when the UE receives the corresponding start of one subframe from positioning nodeTP i that is closest in time to the subframe received from positioning nodeTP j.

Multiple DL PRS resources can be used to determine the start of one subframe from a positioning nodeTP.

For frequency range 1, the reference point for the DL RSTD shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSTD shall be the antenna of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency


[bookmark: _Toc524695270][bookmark: _Toc29045131][bookmark: _Toc29901472][bookmark: _Toc29901519][bookmark: _Toc35596400]
5.1.30	UE Rx – Tx time difference
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink subframe #i from a positioning node (Transmission Point (TP), defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the positioning nodeTP.

Multiple DL PRS resources can be used to determine the start of one subframe of the first arrival path of the positioning nodeTP.

For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency



[bookmark: _Toc29045134][bookmark: _Toc29901475][bookmark: _Toc29901522][bookmark: _Toc35596403]5.2.2	UL Relative Time of Arrival (TUL-RTOA)
	Definition
	[The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in positioning node Reception Point (RP) j, relative to the RTOA Reference Time.]

Multiple SRS resources for positioning can be used to determine the beginning of one subframe containing SRS received at a positioning nodeRP.

The reference point for TUL-RTOA shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.



[bookmark: _Toc524695296][bookmark: _Toc29045135][bookmark: _Toc29901476][bookmark: _Toc29901523][bookmark: _Toc35596404]5.2.3	gNB Rx – Tx time difference
	Definition
	The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX

Where:
TgNB-RX is the Transmission and Reception Pointpositioning node(TRP) received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
TgNB-TX is the positioning nodeTRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.

Multiple SRS resources for positioning can be used to determine the start of one subframe containing SRS.

The reference point for TgNB-RX shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.
The reference point for TgNB-TX shall be:
-	for type 1-C base station TS 38.104 [9]: the Tx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
-	for type 1-H base station TS 38.104 [9]: the Tx Transceiver Array Boundary connector.
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