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Introduction
[bookmark: _Hlk510705081]Work on the current study item on positioning support in NR [1] continued at RAN1#95 and identified candidate techniques for study. The focus of the work has been on RAT-dependent solutions. DL, UL, and DL+UL based solutions were listed and agreed to be candidates for RAT-dependent positioning solutions in NR. This contribution focuses on the UL based solutions. See our companion contributions [2] and [3] for Nokia’s view on the DL and DL+UL based solutions respectively. At RAN1#95 the following agreements were made with regard to UL solutions on NR positioning studies take from [4]:
Agreement:
The following candidate techniques are considered for study of UL positioning:
· Timing based techniques 
· Timing of arrival path(s)
· Angle-based techniques
· Uplink angle(s) of departure 
· Uplink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques

Discussion
Uplink Time Difference of Arrival (UTDOA)
The UTDOA, as an uplink based positioning solution, has been standardized in 3GPP Release 11 for LTE positioning. UTDOA is based on measurements of the TOA of an uplink reference signal (SRS for LTE) sent from the UE and received at multiple LMUs. Compared with the OTDOA positioning method, UE is not required to measure TOA in UTDOA positioning method, which lowers the requirements (complexity) of UE to support positioning. 
To standardize the UTDOA positioning method in NR, some issues/challenges should be considered or studied:  
1. Overhead: The UTDOA positioning method usually occupies more network resources than the OTDOA positioning method, when many UEs request positioning service simultaneously, since each of UEs requesting positioning service requires serving cell and every LMU to reserve resource for receiving positioning reference signal (e.g., SRS). 
2. Hearability: For the UTDOA positioning method, the UE instead of gNBs sends reference signal, and multiple LMUs measure the signal. Since Tx power of UEs is usually smaller than that of gNBs, the hearability (TOA estimation accuracy) of reference signal is a challenge for far LMUs. Furthermore, for FR2, there exists a large difference between DL and UL link budget (e.g., up to 25dB for 28GHz system). The difference further decreases the hearability for UTDOA, compared with OTDOA. In addition to the link budget difference a UE may also beamform its transmission at FR2. In this case it may require the UE to send multiple signals (using different beams) in order to be heard by a sufficient number of gNBs to perform UTDOA.  
3. Beam management: Multi-beam operation has been standardized in NR, where Tx-Rx beam pair is used for UL and DL transmissions (especially necessary for FR2) and beam management mechanism is introduced to maintain Tx-Rx beam pairs. However, in NR Rel-15, a UE does not maintain the Tx-Rx beam pair between all gNBs. Then, how to determine Tx beams of UEs and Rx beams of LMUs is a big challenge without RRC-connection. 
Proposal 1: To study UTDOA positioning method, the issues/challenges related to overhead, hearability, and beam management should be considered. 
For UTDOA in LTE, SRS is chosen as the uplink reference signal for positioning. Comparing with LTE SRS, NR SRS supports more flexible configuration (including resource allocation, periodicity, etc.), and each SRS transmission is configured as one SRS resource set. Hence, the NR SRS can be used as a starting point for supporting UTDOA positioning. One of major benefits is that there is no impact on UE implementation, legacy UEs (i.e., Rel-15 UEs) can directly support UTDOA function without any change. If NR SRS cannot fulfil positioning requirements from specific commercial uses, further enhancement (e.g., introducing additional reference signals for positioning purpose) or new design can be considered. Especially, Rel-15 NR SRS has been designed for PUSCH CSI and beam indication purposes. SRS resource can be configured with or without of precoder information and beam operations in both FR1 and FR2 use cases. Therefore, NR UTDOA performance impact needs to be properly evaluated depending on precoding SRS and SRS beamforming through this SI.
Proposal 2: NR SRS should be starting point to study UTDOA in NR. If NR SRS cannot fulfil positioning requirements from specific commercial uses, further enhancement or new design can be considered.

UL angle based solutions
Due to increased directionality (i.e., beamforming) and the increased number of antenna elements expected in NR there has been increased interest in angle based positioning solutions [5-6]. In particular the number of antenna elements at the gNB make angular estimation using UL signals interesting as it is known that angle of arrival estimates get more accurate when the number of antenna elements increases.
Proposal 3: The angular resolution in angle estimation which is achievable with realistic antenna configurations for NR should be studied by RAN1. 
Angle of arrival (AoA) estimation has been studied for quite some time. If in the UL a UE is able to transmit a signal to multiple gNBs then those gNBs could estimate the AoA from that UE. Then using a triangulation algorithm the AoA estimates could be used to estimate the position of the UE. 
Observation 1: In order to support UL angle based solutions an Angle of Arrival measurement at the gNB would need to be specified by RAN1. Furthermore, if any specification changes needed to be made to allow AoA measurements by gNBs not serving a given UE should be considered.  
To perform the AoA estimation there are many proposed algorithms. Three AoA estimation algorithms that have been discussed in RAN1 are the DFT beam method, the Multiple Signal Classification (MUSIC) Method and an RSRP fingerprinting method [7]. There may be other methods for AoA estimation as well. 
Observation 2: The complexity and practicality of different AoA estimation methods should be considered by RAN1 while evaluating the performance of UL AoA positioning solutions.
Note that in the 3D case that both azimuth and zenith of arrival need to be estimated. 
One major challenge involved with angle based positioning solutions is that NLOS signals are very problematic for angle based techniques. In angle based solutions NLOS may be harder to overcome than in the time of arrival (TOA) based techniques [8]. In TOA estimation NLOS paths are often modelled by a positive bias random variable. Techniques to estimate this bias have been studied for some time and while issues still exist in the TOA case there have been some promising results [9]. However, in the AOA estimate case the bias variable is often modelled as a uniform random variable across the angular domain [10]. This makes it difficult to compensate for in positioning schemes. 
Observation 3: NLOS conditions may be more difficult for angle based positioning solutions to overcome compared with timing based positioning solutions. 
Proposal 4: Angle based positioning techniques should be evaluated and compared in both NLOS heavy (e.g. dense urban) and LOS heavy (e.g. suburban, rural) deployment scenarios in order to fully understand their capabilities.
Conclusion
Proposal 1: To study UTDOA positioning method, the issues/challenges related to overhead, hearability, and beam management should be considered. 
Proposal 2: NR SRS should be starting point to study UTDOA in NR. If NR SRS cannot fulfil positioning requirements from specific commercial uses, further enhancement or new design can be considered.
Proposal 3: The angular resolution in angle estimation which is achievable with realistic antenna configurations for NR should be studied by RAN1. 
Observation 1: In order to support UL angle based solutions an Angle of Arrival measurement at the gNB would need to be specified by RAN1. Furthermore, if any specification changes needed to be made to allow AoA measurements by gNBs not serving a given UE should be considered.  
Observation 2: The complexity and practicality of different AoA estimation methods should be considered by RAN1 while evaluating the performance of UL AoA positioning solutions.
Observation 3: NLOS conditions may be more difficult for angle based positioning solutions to overcome compared with timing based positioning solutions. 
Proposal 4: Angle based positioning techniques should be evaluated and compared in both NLOS heavy (e.g. dense urban) and LOS heavy (e.g. suburban, rural) deployment scenarios in order to fully understand their capabilities.
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