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Introduction
In RANP#91e, a work item on NR positioning enhancements was updated [1]. The objective of the work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency. One of the objectives of this work item is:
· 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.
In RAN1#105e [2], the following agreements on the accuracy enhancements for UL-AoA positioning were made:
	Agreement:
Both GCS and LCS are supported for UL AoA/ZoA assistance information indication.
Note: Existing signalling can be used for obtaining LCS to GCS translation information

Granularity of 0.1 degrees is applied for the expected AoA (φAOA), expected ZoA (θZOA ) and the corresponding uncertainty values

LMF to gNB signalling of UL AoA/ZoA assistance information (expected value and uncertainty range) is supported for UL-TDOA and Multi-RTT positioning methods

[bookmark: _Hlk73029848]Send an LS to RAN3 (potentially also to RAN2 at least as cc) capturing RAN1 agreements on UL AOA/ZOA assistance information (expected value and uncertainty range) and request them to define signalling

R1-2106201	Draft LS on support of UL-AOA/ZOA assistance information signalling for NR positioning	Intel Corporation
Decision: As per decision posted on May 27th, the draft LS is endorsed. Final version is approved in R1-2106202.
MCC to correct the sourcing information to RAN1 only.

NR supports gNB reporting of the first arrival path UL-AOA/ZOA measurement per SRS for positioning resource and SRS for MIMO resource
· Note: The use of SRS for MIMO resource is transparent to the UE




In this contribution, we discuss and provide our view on the remaining issues of the potential solution to enhance the UL-AoA positioning accuracy. 
Potential enhancements
Assistance Information for Expected AoA/ZoA
UE may not always be stationary. In some cases, the expected AoA/ZoA may not be valid due to UE’s movement. This also means the expected AoA/ZoA can only be used during a certain period of time. The usage of the expected AoA/ZoA while the UE has moved to the area outside the expected AoA/ZoA range can result in positioning accuracy degradation. If a gNB is not aware of this and keeps using the expected range assistance information from LMF, it could filter out the AoA from LOS path and may cause a significant error in terms of location accuracy. In order to address this issue, we consider LMF to provide a time validity of an expected AoA/ZoA so that the gNB can identify how long the related assistance information  can be used. For example, LMF can provide indication that the assistance information is only valid for one time positioning measurement. LMF can also inform the gNB that the assistance information is valid within certain time. Hence, the SRS reception should be obtained within a certain time range as informed by LMF. 

Proposal 1: Support LMF to provide a time validity information associated with the expected AoA/ZoA range

Quality Indication of AoA measurement
Most of the TRPs are equipped MIMO antenna with multiple element rows and columns. A typical antenna sizes are 4 by 4 MIMO in FR1 and 4 by 8 in FR2. In UL-AoA positioning, each element row can be regarded as a linear array. The AoA can be measured at each element row and the measurements are independent. Likewise, the ZoA can be independently measured by each  column of elements. As a result of it, there could be multiple independent AoA and ZoA measurements at different element rows or columns. To illustrate, we provide the following figure about multiple AoA/ZoA measurements by FR1 MIMO antenna model. In FR1 MIMO antenna model as shown in Figure 1, there could be 4 independent AoA measurements and 4 ZoA measurements in total.
AoA measurement 1 
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Figure 1: Illustration of multiple AoA/ZoD measurements given by different rows/columns. 

A simple solution to process multiple AoA/ZoA measurements is to calculate the average of them. After that, the TRP can report the average value as the final measurement to the LMF. 
Our study also shows that the standard deviation of multiple AoA/ZoA measurements at different rows/columns can also be utilized to indicate the channel quality and the reliability of the AoA/ZoA measurement. This parameter reflects the statistical property of the measured AoA results. For simplicity, we name this new parameter as “uAoA”. 
Similar to the usage of SRS-RSRP, the LMF can use uAoA to filter out some unreliable AoA measurements. The qualified AoA measurement would be used in the calculation of the UE position estimation. In order to verify the proposed method, a simulation on UE positioning estimation in indoor factory (InF) scenario was carried out. 
We have performed simulations using InF-sparse high (SH) and InF-dense high (DH) for both FR1 and FR2 frequency range. The simulation results are shown in Figure 2. The CDF of the legacy UL-AoA positioning accuracy (with RSRP reporting) is also given in the simulation as the reference. It is shown that reporting uAoA as the AoA measurement indicator improve the UE positioning estimation accuracy. The accuracy of the proposed method in terms of horizontal location error for X% (X = 50, 67, 80, 90) of the UEs is given in the Table 1. Particularly on the horizontal accuracy for 90% CDF of the UE, one can observe that the gain of the proposed method can be up to 0.8 meters in InF-DH scenario. Even in the one of most ideal cases, InF-SH FR2 scenario, the proposed method can obtain 68% gain in positioning accuracy over the legacy UL-AoA. Simulation results in InF-SH FR1,2 and InF-DH FR1 show that the industrial IoT accuracy requirement can be fulfilled (i.e less than 0.2 m for 90% of the UEs). In InF-DH FR2, the obtained accuracy for 90% of the UEs is 0.26m, in which it is almost meeting the accuracy requirement.
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Figure 2: Comparison between UL-AoA positioning with AoA uncertainty reporting and the legacy UL-AoA positioning in terms of positioning accuracy in meter.

The simulation results in Figure 2 are also summarized in Table 1.
Table 1: UL-AoA positioning - horizontal location error results (m) for X% of the UEs in meters
	Test Case
	50%
	67%
	80%
	90%

	[Case 1], [UL-AoA], [InF-SH], [FR2], [400 MHz], [Comb-4], [6dB PB], [w/ AoA uncertainty reporting]

	0.019
	0.024
	0.031
	0.044

	[Case 2], [UL-AoA], [InF-SH], [FR2], [400 MHz], [Comb-4], [6dB PB], [Legacy UL-AoA]

	0.019 
	0.027 
	0.040 
	0.074

	[Case 3], [UL-AoA], [InF-DH], [FR2], [400 MHz], [Comb-4], [6dB PB], [w/ AoA uncertainty reporting]

	0.0084
	0.012
	0.020
	0.17

	[Case 4], [UL-AoA], [InF-DH], [FR2], [400 MHz], [Comb-4], [6dB PB], [Legacy UL-AoA]

	0.014 
	0.025
	0.088
	1.08

	[Case 5], [UL-AoA], [InF-SH], [FR1], [100 MHz], [Comb-4], [6dB PB], [w/ AoA uncertainty reporting]

	0.032
	0.045
	0.066
	0.10

	[Case 6], [UL-AoA], [InF-SH], [FR1], [100 MHz], [Comb-4], [6dB PB], [Legacy UL-AoA]

	0.037
	0.060
	0.093
	0.17

	[Case 7], [UL-AoA], [InF-DH], [FR1], [100 MHz], [Comb-4], [6dB PB], [w/ AoA uncertainty reporting]

	0.014
	0.024
	0.047
	0.26

	[Case 8], [UL-AoA], [InF-DH], [FR1], [100 MHz], [Comb-4], [6dB PB], [Legacy UL-AoA]

	0.013 
	0.035 
	0.31 
	0.98 



Observation 1: The uAoA indicator can improve the UL-AoA positioning accuracy in any scenarios. The gain from the proposed method can up to 0.8 m in InF-DH case. Even in InF-SH FR2, the method can still obtain 68% gain over the legacy AoA.
Observation 2: The accuracy of the proposed method in InF-SH FR1,2 and InF-DH FR1 can fulfil the IIoT requirement (less than 0.2 m for 90% of the UE). In InF-DH FR2, the obtained accuracy for 90% of the UEs is 0.26m, in which it is almost meeting the accuracy requirement.
We propose to enhance the reporting from gNBs to the LMF by including the statistical property of the measured AoA in which it can reflect the uncertainty of the AoA (uAoA). This is to be reported as part of the measurement report which enable the LS to process (filtering) the AoA measurement effectively. The statistical property is basically the measurement quality indication.
Proposal 2: Support measurement quality indication (e.g., statistical property / standard deviation of AoA) of multiple AoA/ZoA measurements in UL-AoA measurement report from gNB to LMF.
In RAN1#105, it was agreed upon that multiple AoA reports based on the first path can be provided by gNB. We consider this agreement is also aligned with our proposal on providing the statistical property of the measured AoA. In practice, gNB may have obtained multiple AoA results. The number of multiple AoA that can be reported may be limited. Hence, the statistical property of the measured AoA is a measure of all AoA results that the gNB has obtained. The LMF can use this information for the UE positioning estimation. 

SRS resource ID reporting
Another approach to enhance AoA positioning method is by providing UE TX beam related information to the LS. UE transmits UL SRS for positioning with certain TX beam direction / properties and it also transmit in SRS resource that has been configured by the gNB. The detected received SRS (e.g. SRS that has high RSRP) in a specific resource can represent UE TX beam. For example, if there are 3 gNBs located in various directions then each gNB may detect different SRS resource that produce high RSRP. We propose gNB to report the SRS resource ID that has been used for the AoA measurement. Having this SRS resource ID information enable the LS to filter out undesired report from certain gNB or basically to filter out any anomaly results.
Furthermore, the LMF can estimate the AoD in the UE coordinate because each SRS resource ID is associated with different UE Tx beams and different AoDs. Although the orientation of the UE is unknown and the AoD can’t be transferred from LCS to GCS, LMF can still calculate the AoD differences between reference TRP and other TRP as in the figure shown below:

TRP1
Reference TRP
TRP2
UE with unknown orientation


SRS 1
SRS 2
SRS 3
SRS 4
SRS 5

Figure 2: The AoD differences can be estimated if the SRS resource IDs at different TRPs are known in LMF.
If more than 3 TRPs are used, LMF can use the AoD differences to estimate the UE location without knowing the UE orientation. Moreover, this information can assist the UE location estimation by the AoA and improve the positioning accuracy. 
Proposal 3: Support SRS resource ID information of the associated reported AoA  / SRS-RSRP measurement in UL-AoA measurement report from gNB to LMF. 

Conclusion
In this contribution, we discuss some aspects of positioning accuracy improvements using UL-AoA method.  We provide the following observations:
Observation 1: The uAoA indicator can improve the UL-AoA positioning accuracy in any scenarios. The gain from the proposed method can up to 0.8 m in InF-DH case. Even in InF-SH FR2, the method can still obtain 68% gain over the legacy AoA.
Observation 2: The accuracy of the proposed method in InF-SH FR1,2 and InF-DH FR1 can fulfil the IIoT requirement (less than 0.2 m for 90% of the UE). In InF-DH FR2, the obtained accuracy for 90% of the UEs is 0.26m, in which it is almost meeting the accuracy requirement.

We also provide the following proposals:
Proposal 1: Support LMF to provide a time validity information associated with the expected AoA/ZoA range. 
Proposal 2: Support measurement quality indication (e.g., statistical property / standard deviation of AoA) of multiple AoA/ZoA measurements in UL-AoA measurement report from gNB to LMF.
Proposal 3: Support SRS resource ID information of the associated reported AoA  / SRS-RSRP measurement in UL-AoA measurement report from gNB to LMF.
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