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[bookmark: _Ref37187857]Introduction 
One central objective of the revised WID for improving positioning accuracy  [1] includes:
	· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions



In this contribution, we discuss further the impact of the TRP-ARP and UE-ARP on the Tx/Rx timing delays. 

TRP-ARP 
For high-accuracy positioning, the effective anchor position or antenna reference point (ARP) must be known. The ARP is optimally related to the phase center of the Rx or Tx pattern. When beam formers are combined with antenna arrays, the phase center will depend on each particular beam configuration. This necessitates the need for the positioning algorithm to know the effective ARP of the beam used for the positioning measurement.
In Rel-16, each resource or resource set of DL-PRS can be associated with an ARP positon for both UE-Assisted mode and UE-Based mode. DL-PRS resources with small phase center offsets may be considered as one ARP and may be associated to the same TEG, wherein the additional unknown delays are assumed to be within the Rx/Tx error margin.  
For UL positioning methods, a timing offset will result if the TRP does not provide information on the ARP for SRS timing measurements. As an example, we consider an UL-TDOA scenario with TRP beam steering in both azimuth and elevation. For the area close to the TRP (high elevation angles), a beam with lower gain and wider beamwidth may be used. This “near-beam” is generated using “electrical downtilt”. For the “faraway” UEs, a “far-beam” with higher gain and narrow beamwidth may be configured. 


[image: ]
Figure 1 Elevation cut of the beam pattern, electrical downtilt for the “near-beam” (green) and “far-beam” (blue)


Figure 2 Azimuth cut of the beam pattern: near-beam (left) and “far-beam” (right)

In this contribution, we present an example based on a 4x4 planar antenna array. For the “far beams”, all 4x4=16 antenna elements per polarization are used. For the “near beams”, the electrical downtilt is implemented by using one column of the antenna array (Figure 3). The azimuth pattern is defined by the characteristics of an individual antenna element characteristics as there is no beam forming in azimuth. On the other hand, for the “far beams”, all columns are used, thus allowing beam steering in azimuth. 
The Rx ARPs of the beams from the same TRPs are not only different but also unknown to the LMF. Furthermore, this is regardless of their TEG association. 
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[bookmark: _Ref79152057]Figure 3 Antenna panel configuration example

Proposal 1: 
Support TRP to provide the LMF with ARP information related to the UL-SRS measurements. (similar to the DL-PRS ARP information).

UE-ARP 
Similar to TRP-ARP, the UE may have multiple ARPs.  The ARP is defined according to the POC (and aligned with the Tx/Rx timing error definition). The main issue is the UE-ARP (and POC) relation to the UE Reference-point: the timing offset resulting from the UE-ARP to the UE Refernce Point is not compensated or mitigated within the TEG or Tx/Rx timing errors information.
The phase (or group delay) may not be constant for the full antenna radiation pattern. Typically, this is equivalent to a small (parts of a wave length) offset in the measured ToA. Depending on the antenna design, the effect may be significant.  When considering several ARPs per UE, each ARP may have a certain directivity and may cover different directions. This can be considered as a beam dependent POC or as antenna element / antenna port dependent POC. 

Observation 1: Timing offsets resulting from the UE-ARP to the UE Refernce Point are not addressed by the TEG or Tx/Rx-timing-errors information.

For a UE supporting different beams two scenarios are distinguished:
· For some UEs the difference between the ARPs may be small and the ARP position is identical to the reference position. 
· For other UEs (e.g., FR2 multi-panel, multi-antenna industrial UE or a UE embedded in a car) the antennas may be placed at several positions, hence, the distance between the ARPs may need to be considered. In this case, the UE can use several ARPs. 

An example is depicted in Figure 4, showing two ARP scenarios for UEs 1 and 2. For UE 1, the ARPs of all beams are compensated by the UE within a margin.  On the other hand, UE 2 uses two antenna panels which are located at different positions and each antenna is capable of generating several beams. Therefore, a common ARP may be assumed for beams from the same panel, due to the position offset between panels, different ARPs are required (i.e., two antenna panels results in two ARPs).
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[bookmark: _Ref70539327]Figure 4: Definition of the relationship between TRP and UE ARPs

For high accuracy positioning, it is essential to take the position offset of the ARPs into account. For the TRPs this can be implemented by simply using different anchor positions in the common coordinate system used for the position of the TRP and UE (e.g. global coordinate system (GCS) or local coordinate system (LCS)). 
It should, however, be noted that a UE may require the definition of its own UE coordinate system (UCS) with its origin being set to the UE reference point. This allows the ARPs of the UE antennas or UE antenna panels to be defined with respect to this UCS.

Proposal 2: 	Support the UE to provide ARP information relative to a UE reference point using a UE coordinate system (UCS). 

Conclusions
Based on the discussion in this document and following observations and proposals:
Observation 1: Timing offsets resulting from the UE-ARP to the UE Refernce Point are not addressed by the TEG or Tx/Rx-timing-errors information.

Proposal 1: Support TRP to provide the LMF with ARP information related to the UL-SRS measurements. (similar to the DL-PRS ARP information).

Proposal 2: 	Support the UE to provide ARP information relative to a UE reference point using a UE coordinate system (UCS). 
[bookmark: _GoBack]
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