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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the remaining issues on the finalization of UE and gNB measurements to support DL and UL reference signals for NR Positioning are discussed. 
[bookmark: _Hlk19889884]
UE Measurements   
In RAN1#97, the reference point for RSTD measurements for FR1 is at the antenna connector at the UE and for FR2 the decision is left up to RAN4 in the following RAN1 agreement:
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
In RAN1#98, the following agreements reaffirm the necessary support of beamforming, alignment and/or beam sweeping operations for NR positioning. The Resource and Resource Set are introduced so that each Resource in a Resource Set is associated with a single beam transmitted from a single TRP.
Agreement:
· RSTD is defined as the time difference with respect to the received DL subframe timings associated with the different TRPs (Option 1 from agreement made in RAN1#97)
· Multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP. 
· At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in RSTD measurements can be configured for reporting in the measurement report.
· Note: This does not preclude the use of any additional reference signals that are being discussed further including existing reference signals
Agreement:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP
· Multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP. 
· At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in the UE Rx-Tx time difference measurements can be configured for reporting in the measurement report.
· Note: This does not preclude the use of any additional reference signals that are being discussed further including existing reference signals
Agreement:
For FR1, 
· The reference point for Rx time in the definition of the UE Rx-Tx time difference is the Rx antenna connector of the UE. 
· The reference point for Tx time in the definition of the UE Rx-Tx time difference is the Tx antenna connector of the UE

Given that RAN1 has taken the above decision, RAN4 should be informed to ensure alignment such that the measurement reference point would take into consideration the differentiation of beams through its antenna elements at the receiver and the transmitter, for FR2. 
Proposal 1:
· RAN4 should be informed that for FR2 that RAN1 has agreed that RSTD measurement definition supports consideration of the receiver and transmitter beam information. 


RS for DL RSTD  
An issue that has been raised is whether DL RSTD measurements can be based on existing SSB, CSI-RS or TRS for NR positioning. For NR positioning in R16, it has already been agreed that a new DL PRS is to be defined. To support RSTD, DL PRS-RSRP, 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, is the default RS for the RSTD measurements.

It has been discussed extensively during the SI phase the applicability of Rel-15 CSI-RS signals for NR positioning. Hence, it was decided then that RAN1 either modified the CSI-RS configuration for NR positioning specifically due to its insufficiency or a new NR positioning RS is defined. The latter approach was agreed. The properties and designs for DL PRS is currently being finalized in the remaining duration of the WI. These properties include the identification of the different TRPs needed for the measurements of time difference associated with the different TRPs, a requirement not supportable using the SSB.
Given the above reasons, it is proposed that for Rel-16 NR positioning, the RS for RSTD is based on the newly defined DL PRS in Rel-16. The use of existing should be strictly left to the UE implementation.

Proposal 2:
· For Rel-16 NR positioning, the RS for RSTD is based on the newly defined DL PRS in Rel-16. The use of existing RS should be strictly left to the UE implementation.
 
Multiple TRPs Measurements
There have been questions raised of whether to support UE Rx-Tx measurements are obtained through ranging with multiple cells/TRPs (including serving(reference) and neighbor cells/TRPs). In our view, these aspects are clear from the agreement in RAN1#98 as copied below:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP
The time difference measurement is defined with reference to the TRP which is identified by DL PRS Resource set ID. These IDs are configurable and are not associated with a specific cell or cells. Therefore, the issue should not arise of whether the measurements are of serving or neighbor cells.

Observation 1:
· The UE measurements are defined wrt to the TRP(s) which are identified by its PRS Resource Set ID. The association of the TRP(s) to cell(s) is therefore an network implementation choice and no further RAN1 specifications are needed.

RSTD in Mixed E-UTRAN and NR  
Another remaining issue is whether RSTD measurements are supported in mixed E-UTRAN and NR node in Rel-16. This would be applicable to Non-Standalone architecture (NSA) whereby the NR base station (en-gNB) connects to the LTE base station via the X2 interface, and UE that supports both LTE and NR. Perhaps numerous implications and questions would need to be addressed such as whether Dual connectivity between en-gNB and eNB is required for the UE to perform such RSTD measurements.
A lot of work is needed to address this and thus far, little time has been spent on this. Given the limited amount of time available to finalize and complete this work item in Rel-16, and whether this is within the scope of this WI, it is proposed that the support of NR positioning in mixed E-UTRAN and NR should be deferred from Rel-16 and considered out-of-scope of the current WI.
[bookmark: _Hlk17489451]Proposal 3:
· NR positioning in mixed E-UTRAN and NR should be deferred from Rel-16 and considered out-of-scope of the current WI.

E-CID Reference Signals    
[bookmark: _Ref129681832]One of the objectives of the NR positioning WID includes the following [2]:
· Support E-CID downlink measurements based on at least RRM measurements defined in NR Rel.15
· Identify whether and which Rel-15 NR reference signals can be used for different NR positioning techniques

E-CID is a downlink and uplink-based positioning technique and both UE and eNB could perform related measurements for the RTT and uplink AoAs. In LTE, no specific reference signals for designed specifically for E-CID. NR can adopt similar approach and reusing its existing Rel. 15 reference signals in SS-RSRP, SS-RSRQ and SRS.  

For other positioning techniques where new reference signals such as DL/UL PRS are newly standardized, it should not be mandatory for these positioning techniques to use of Rel-15 reference signals. In other words, the performance requirements do not require the use of Rel-15 reference signals for positioning techniques other than E-CID.

Proposal 4: 
· Support of E-CID positioning in NR is based on Rel-15 reference signals. Use of other Rel-16 reference signals for E-CID are left up to UE implementation. 


Conclusions
In this contribution, the following have been proposed:
Proposal 1: RAN4 should be informed that for FR2 that RAN1 has agreed that RSTD measurement definition supports consideration of the receiver and transmitter beam information. 

[bookmark: _GoBack]Proposal 2: For Rel-16 NR positioning, the RS for RSTD is based on the newly defined DL PRS in Rel-16. The use of existing RS should be strictly left to UE implementation.

Observation 1:
· The UE measurements are defined wrt to the TRP(s) which are identified by its PRS Resource Set ID. The association of the TRP(s) to cell(s) is therefore an network implementation choice and no further RAN1 specifications are needed.
Proposal 3: NR positioning in mixed E-UTRAN and NR should be deferred from Rel-16 and considered out-of-scope of the current WI.
Proposal 4: Support of E-CID positioning in NR is based on Rel-15 reference signals. Use of other Rel-16 reference signals for E-CID are left up to UE implementation 
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