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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 UL AoA. Our companion contributions discuss our others views [2], [3], [4]. The objective from the WID is to    
· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Discussion 
Expected AoA
UL AoA is envisioned to work well at mmWave frequencies where the number of antenna elements is high. This means that beamforming of at least the TRP and also potentially the UE is assumed to overcome the high path loss. In particular, beamforming of the TRP is critical at neighboring cells in order to ensure UL AoA measurements can be made with sufficient accuracy.
During the SI phase RAN1 assumed an IIoT scenario with a dense distribution of gNBs/TRPs. Dense deployments such as these may be needed to ensure that high accuracy can be achived using NR positioning techniques. However, deploying such dense deployments may not be always practical. One solution to overcome this is the use of UL positioning-only RPs which were specified in Rel-16. These nodes are able to make UL AoA measurements (among other measurements) but do not have DL capabilities. As such it will be impossible to configure a UE to have a spatial relation with an UL positioning-only RP. 
Observation 1: UL positioning-only RPs can’t have RS configured as spatial relations for SRS for positioning transmissions.
Observation 2: UL positioning-only RPs may not be able to use the proper RX beamforming to make UL AoA measurements. 
In DL-TDOA the UE is provided with expectedRSTD and expectedRSTD uncertainty in order to assist it in making RSTD measurements. In order to overcome the above problem in UL AoA we propose to use a similar method to assist TRPs (including UL positioning-only RPs) in UL measurements. As shown in Figure 1, expectedAoA and expectedAoA uncertainty indicates the range of angle where UL SRS transmitted from the UE shall arrive the TRP/UL positioning-only RP at. Such information can be used at TRPs for receive beamforming determination or reducing Rx beam sweeping overhead and also filtering NLOS path for positioning accuracy improvement. 
[image: ]
Figure 1: ExpectedAoA and ExpectedAoA uncertainty
Proposal 1: Introduce an expectedAoA parameter to assist non-serving cell TRPs in making UL AoA measurements. This parameter could be signaled between the LMF and TRPs (e.g., using NRPPa). 
The expected AoA parameter could be based on a rough location estimate of the UE (e.g., similar to expectedRSTD) or other implementation specific methods. 
UL AoA Measurement Enhancement
UL RX beams are beamformed with specific angles in a gNB and RX beamforming information itself is useful to estimate AoA. Rel-16 NR positioning has introduced a framework for angle-based positioning methods, and we consider AoA measurement improvements in this WI phase. 
As a first consideration, angle-based method has high performance dependency on LoS detection. If the channel is not LoS for the angle estimation, it requires more complex steps to collect information on wave reflection circumstances. Therefore, we prefer to focus first on AoA estimation under LoS channel status. 
If the channel link is LoS, one straightforward method for AoA estimation can be designed with the best RX beam selection, its estimation is derived from accurate UL RSRP measurements per beam at the gNB/TRP. This method would be practical and implementable, but it still has a few problems. Firstly, UL signal input angle from a target UE is not always located at the peak angle of a beam lobe, and it can be an in-between angle of two discrete beam directions. Moreover, a beam codebook in practical gNB implementation has non-uniform beam width and angle grid, so some beams may have high angle accuracy while the accuracy can be degraded in other beams. As a solution, a gNB must be able to estimate such an in-between angle with reasonable accuracy regardless of beam directions. The second problem occurs regarding multiple UEs AoA estimation. A gNB is designed to serve always multiple UEs, so AoA estimations needs to be served for multiple UE targets. These issues set some restrictions to AoA estimation algorithms in practical gNB implementation.
Observation 3: LoS path estimation is required for accurate AoA estimation.
Observation 4: UL signal input angle from a target UE is not always located at the peak angle of a beam lobe, and it can be an in-between angle of two discrete beam directions.
Observation 5: A gNB serves multiple UEs, so AoA estimation also needs to be designed for multiple UE positioning targets.
1.1.1  UL beam based AoA Estimation
With these observations, we consider practical AoA estimation approaches. Since the gNB RX beam angle can be interpretated as RX signal input angle, it can be reported as the AoA measurement. The RX beam selection can be made based on UL RSRP measurement, which is an important metric for the AoA estimation. The first gNB requirement of AoA measurement is accurate UL RSRP measurement on the received SRS-P signal, so we need to look into how to obtain accurate UL-RSRP measurements. In the presence of Tx and Rx beamforming in a target UE and a gNB respectively, UL RSRP can be measurable per an antenna port, and the received SRS-P signal for Tx beam , assuming for a single layer transmission, can be written as

where  is the transmitted SRS-P symbol,   is the channel matrix ( and  are respectively the number of transmit and receive antennas), and  are the beamforming vectors applied at transmitter and receiver, respectively.
In particular, if the Tx adopts the DFT codebook, we have where  is a oversampling factor and  is a number of TX antenna port, also  can be defined as well. The propagation channel especially in mm-wave communications tends to be sparse in the angular domain, i.e., to be characterized by a relatively small number of rays, typically concentrated around the LOS direction. Therefore, the channel matrix  can be represented by its angular components, i.e.,

where the summation is performed over propagation clusters  and then over the “propagation rays”  within cluster . Each ray is characterized by an angle  (which, in general, may have an azimuth and an elevation component) and by a varying (typically modeled as random) amplitude and phase, represented by the complex number . Then,   and  are the steering vectors, respectively for the receiver and the transmitter sides, depending on the antenna array geometry. For example, for a ULA, the steering vector is  where  is the antenna array spacing,  is the signal wavelength, and  is the number of antennas of the array (i.e.,  for the transmitter or  for the receiver).
Then, the UL RSRP equation (4) is obtained as 

We note that the UL RSRP value is expressed as a function of  and  beamforming codebook selection. Now, if there is a LOS component and that the RSRP is averaged over a sufficient number of REs, the RSRP  expression is dominated by the LOS component and therefore can be approximated as follows:
  
where  is the power of PRS and  represents statistical expectation. This means that gNB and UE steering angle is aligned at the LoS channel link direction. However, in most of practical cases that steering angle is not at exact LoS direction (, then multiple beam interpolation can induce the in-between target angle. For example, of two beam RSRP measurement case, the estimation is expressed as   

The accuracy is guaranteed when TX and RX steering vectors are aligned toward LOS direction, and then selection of a beamforming codebook affects accuracy of measured UL-RSRP values, therefore the accuracy of UL-RSRP measurements are also important to estimate accurate AoA measurement. 
Observation 6: UL RSRP accuracy function is shown as a function of beamforming codebook selection and steering angle. 
· TX and RX steering vectors must be aligned toward LOS direction.
· Configuration of a beamforming codebook affects accuracy of measured UL-RSRP values.

A gNB conducts multiple tasks for data communications and measurements including positioning services, and it is designed to make unified and fair behaviours to serve multiple users with multiple tasks. In this aspect, a beam interpolation method will be useful as a practical solution, although it may have some accuracy limitation due to interpolation resolution. For an enhanced solution, LMF may request to improve precise AoA measurements to address some positioning use cases. It could be possible that beam angle resolution factors such as beam resolution or oversampling rate can be controlled by LMF request. The proposed operation is presented at the high level in Figure 2. 
Proposal 2: Study beam interpolation based AoA estimation method based on UL-RSRP measurements including: 
· Accurate and effective measurement methods of UL-RSRP.
· Potential signalling of angle resolution and oversampling rate depending on angle measurement requirement. 



Figure 2. Operation of beam angle interpolation and resolution control
Conclusion
In this contribution we make the following proposals and observations:
Observation 1: UL positioning-only RPs can’t have RS configured as spatial relations for SRS for positioning transmissions.
Observation 2: UL positioning-only RPs may not be able to use the proper RX beamforming to make UL AoA measurements. 
Proposal 1: Introduce an expectedAoA parameter to assist non-serving cell TRPs in making UL AoA measurements. This parameter could be signaled between the LMF and TRPs (e.g., using NRPPa). 
Observation 3: LoS path estimation is required for accurate AoA estimation.
Observation 4: UL signal input angle from a target UE is not always located at the peak angle of a beam lobe, and it can be an in-between angle of two discrete beam directions.
[bookmark: _GoBack]Observation 5: A gNB serves multiple UEs, so AoA estimation also needs to be designed for multiple UE positioning targets.
Observation 6: UL RSRP accuracy function is shown as a function of beamforming codebook selection and steering angle. 
· TX and RX steering vectors must be aligned toward LOS direction.
· Configuration of a beamforming codebook affects accuracy of measured UL-RSRP values.

Proposal 2: Study beam interpolation based AoA estimation method based on UL-RSRP measurements including: 
· Accurate and effective measurement methods of UL-RSRP.
· Potential signalling of angle resolution and oversampling rate depending on angle measurement requirement. 
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