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Introduction
[bookmark: _Hlk510705081]In Rel-16 native NR positioning support was standardized. At RAN#90 a new WI was approved on enhancements in Rel-17 to positioning [1]. This contribution discusses our views on the enhancements related to UE and gNB Rx/Tx timing errors. Our companion contributions discuss our others views [2], [3]. The objective from the WID is to
· 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]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions
Discussion
UE Antenna Array Phase Center Offset Errors
With reference to WID [1] one of the main objectives for the Rel-17 work on positioning enhancements is to improve the accuracy of the positioning methods. Especially for IIoT use cases the positioning accuracy target is challenging at < 20 cm and UE implementation impairments which may so far have been considered neglectable (i.e., 3 or 10 m accuracy target of Rel-16), and therefore left uncompensated, now become significant contributors to the overall positioning error.    
Figure 1 depicts a simplified UE formfactor design with a 1:8 mmWave antenna array mounted at the top receiving or transmitting a positioning reference signal at a given angle. For time based positioning accuracy, e.g. UL/DL-TDOA or multi-RTT, at the UE, it is key to have a precise measure of the effective phase reference position for the signal received or transmitted via the UE mmWave antenna array. We name this position the antenna array phase center and ideally this antenna array phase center is fixed and aligned with e.g. the physical Antenna Reference Point (ARP).    
However, the UE antenna array phase center may not always align with the physical Antenna Reference Point (ARP) and its position may in fact be highly sensitive to multiple parameters of which some will vary during live operation in the field. The UE antenna array phase center location is for example sensitive to UE formfactor, cover, coating, beam steering angle, polarization and angle of arrival/departure both for narrow and broad beam antenna array configurations. 
As depicted in Figure 1 if, for a given beam steering angle and angle of arrival/departure, the antenna phase center is located at an offset compared to the assumed location (e.g. the ARP), the impact is an error on the estimated TOA/TOD. This TOA/TOD error can be several centimeters and therefore a significant contributor in the error budget for IIoT use cases if left uncompensated.  
[image: ]
Figure 1: Dynamic antenna array phase center scenario for example 1:8 UE form-factor design
To show the effect CST EM simulations have been carried out on the UE formfactor design depicted in Figure 1 for the top mounted 1:8 antenna array with front and rear glas covers. The simulations of the antenna array phase center position with reference to the ARP have been conducted for different beam steering angles, for different signal angle of arrival (AOA) for each beam steering angle and for both co- and cross polarization. The phase center position has been evaluated in the direction of the incoming signal over an angular area of 12°x 12°.
[image: ]
Figure 2: Antenna array phase center simulations in CST
The radiation phase of the UE formfactor with the 1:8 antenna array mounted at the top in narrow beam configuration is depicted in Figure 3 for boresight and +-50 degrees steering angle and for both polarizations (co polarization and cross polarization). 
[image: ]
Figure 3: Antenna array narrow beam configuration phase plots over beam steering angle and polarization
It is evident from Figure 3 that the phase change over polarization, steering angle and over the “banana” shape for each steering angle is quite significant. This significant phase variation behavior manifest itself in sizable phase center offset variation over steering angle, AOA and polarization as depicted in Figure 4. The phase center offset variation is several centimeters and is highly dependent on both steering angle, AOA and polarization. 
[image: ]
Figure 4: Antenna array narrow beam configuration phase center offset in [mm] ref. ARP over beam steering angle, AOA and polarization. Each colour represent offset in the x-y-z direction as indicated in Figure 1.

The radiation phase of the UE formfactor with the 1:8 antenna array mounted at the top in broad beam configuration (single activated element) is depicted in Figure 5 for both polarizations (co polarization and cross polarization). This significant phase variation behavior manifest itself in sizable phase center offset variation over AOA and polarization as shown in Figure 6. The phase center offset variation is several centimeters and is highly dependent on both AOA and polarization. 



[image: ]
Figure 5: Antenna array broad beam (single patch) configuration phase plots over AOA and polarization

[image: ]
Figure 6: Antenna array broad beam configuration phase center offset in [mm] ref. ARP over AOA and polarization. Each colour represent offset in the x-y-z direction as indicated in Figure 1.
Observation 1: For both narrow and broad beam configurations dynamic UE antenna array phase center offset may be a sizable contributor to TOA/TOD errors and thereby to the inaccuracy of the UE positioning estimation especially important for high accuracy IIoT use cases.
Observation 2: These offsets can be seen also as timing delays that are dependent on the formfactor of the device, antenna panel used as well as the beam configuration and the particular AoA/AoD. 
Proposal 1: RAN1 to include UE antenna array phase center offset impact on UE positioning estimation accuracy and potential correction mechanisms in the work on UE and gNB Rx/Tx timing delay mitigation.
Synchronization Errors		
During the SI phase some companies discussed Rx/Tx timing errors along with synchronization errors between TRPs. From [4] it was clear that this discussion was separated during the SI phase and RAN1 did not make any progress on the proposal around synchronization errors. 
[bookmark: _Hlk59197246]Observation 3: Synchronization errors are not part of the objective on UE and gNB Rx/Tx timing delays. 
Reference UE			
One component of the Rx/Tx timing delays is the group delay which may be partially calibrated in an offline manner but also contains a time varying component (e.g., due to temparture). One potential solution to mitigate the time varying part of the gNB Rx/Tx timing delays is to rely on reference UEs, with known location, to calibrate for the variations in group delay on the transmitter side.
Observation 4: gNB Rx/Tx time varying delays can potentially be measured by a reference UE. 
However, there are multiple drawbacks to this solution:
· Reference UEs are not able to measure for time varying effects for other UEs and therefore can’t solve the UE Rx/Tx timing errors problem. 
· Reference UEs rely on being LOS all the time which may not be realistic in a real world environment. 

Observation 5: There are drawbacks to the reference UE solution including the inability to account for UE Rx/Tx timing errors. A solution relying on a reference UE only will not solve the Rx/Tx timing issue completely.
Proposal 2: To mitigate UE and gNB Rx/Tx timing delays a solution not relying on reference devices should be specified if possible. 
Conclusion
In this contribution we make the following proposals and observations:
Observation 1: For both narrow and broad beam configurations dynamic UE antenna array phase center offset may be a sizable contributor to TOA/TOD errors and thereby to the inaccuracy of the UE positioning estimation especially important for high accuracy IIoT use cases.
Observation 2: These offsets can be seen also as timing delays that are dependent on the formfactor of the device, antenna panel used as well as the beam configuration and the particular AoA/AoD. 
Proposal 1: RAN1 to include UE antenna array phase center offset impact on UE positioning estimation accuracy and potential correction mechanisms in the work on UE and gNB Rx/Tx timing delay mitigation.
Observation 3: Synchronization errors are not part of the objective on UE and gNB Rx/Tx timing delays. 
Observation 4: gNB Rx/Tx time varying delays can potentially be measured by a reference UE. 
Observation 5: There are drawbacks to the reference UE solution including the inability to account for UE Rx/Tx timing errors. A solution relying on a reference UE only will not solve the Rx/Tx timing issue completely.
[bookmark: _GoBack]Proposal 2: To mitigate UE and gNB Rx/Tx timing delays a solution not relying on reference devices should be specified if possible.
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