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1. Introduction
In RAN plenary #80, a new study item “Study on NR positioning support” was approved [1] . The objective of this study item is to evaluate potential solutions to address NR positioning requirements as defined in TR 38.913, TS 22.261, TR 22.872 and TR 22.804 while considering E911 requirements by analysing positioning accuracy (including latitude, longitude and altitude), availability, reliability, latency, network synchronization requirements and/or UE/gNB complexity to perform positioning, and taking into account a preference to maximize synergy where possible with existing positioning support for E-UTRAN. 

Some of the objectives are:
· Study and evaluate potential solutions of positioning technologies based on the above identified requirements, evaluation scenarios/methodologies [RAN1]

· The solutions should include at least NR-based RAT dependent positioning to operate in both FR1 and FR2 whereas other positioning technologies are not precluded.

· Minimum bandwidth target (e.g. 5MHz) of NR with scalability is supported towards general extension for any applications.
· Study of positioning architecture for location services, functional interfaces, protocol, and procedures for supporting NR dependent positioning technologies (if needed; otherwise, need to be confirmed) [RAN2, RAN3]
· Rel-15 NR positioning architecture/protocol is a starting point of the discussion while the Release 16 LCS architecture enhancement study in TSG SA side is taken into account.

· Common architecture with IoT and hybrid positioning.

· The positioning architectures should support standalone NR for both voice and data including IoT service.

· IoT use cases, including potential LPP evolution, and efficient/low-complexity signaling are considered while striving for a common architecture.

· End-to-end latency is considered to developing positioning architecture.
In this contribution, we discuss our view on Observed Time Different of Arrival (OTDOA) technique as one of potential positioning techniques in NR.

2. Discussion

Observed Time Difference of Arrival (OTDOA) is a Radio Access Technology (RAT) dependent positioning technique. OTDOA was introduced in 3GPP LTE rel.9. It has been proven to meet e911 regulatory requirements (e.g. 50 m horizontal accuracy with at least 67% availability). Thus, it has been widely deployed in LTE networks. The basic OTDOA operation in LTE, a user equipment (UE) receives reference signals from multiple eNBs and then performs timing difference of arrival (TDOA) measurements for each eNB and then calculate Reference Signal Time Difference (RSTD). The RSTD measurement results are transmitted using the LTE Positioning Protocol (LPP) from the UE to a location server (LS) via an eNB. The LS then performs the positioning estimation based on measurement results from at least three eNB facilities using triangulation. 
Observation 1: OTDOA is a mature positioning technique and it has extensively been used in LTE as one of the key RAT dependent techniques.
Considering the maturity of OTDOA technique and well adoption in LTE, we should consider to use OTDOA in LTE as the baseline for OTDOA in NR. In LTE, Positioning Reference Signal (PRS) is one of the reference signals that is used to facilitate a UE positioning determination based on the OTDOA method. PRS has a number of properties related to PRS generation, Resource element mapping, and PRS scheduling
· PRS is generated based on a specific sequence generation as defined in TS 36.211

· The PRS is mapped to complex-valued QPSK modulation symbol and the mapping of PRS signal to resource elements are defined according to TS 36.211.

· PRS are transmitted in dedicated sub-frames (known as PRS occasion) and it may consist of several subframes. For example, the PRS occasion periodicities are 160, 320, 640, and 1280 ms. The number of PRS subframe within a PRS occasion can be 1, 2, 4, and 6 subframes.
There are many other PRS properties that has been considered in LTE, such as PRS muting, network synchronization, etc. For the OTDOA in NR positioning, we should consider to revisit the aforementioned PRS properties and the signalling mechanism in LTE whether to completely re-use or modify for potential positioning improvements.
Proposal 1: Consider to use OTDOA in LTE and the signalling mechanism (e.g. LPP, LPPa) as the baseline for OTDOA in NR. 
NR rel.15 has many new physical layer features in comparison to LTE. NR can accommodate wider bandwidth operates in various frequency range. In sub 6 GHz (FR1), the maximum bandwidth is 100 MHz and in millimeter wave range (FR2) the maximum bandwidth is 400 MHz. The carrier aggregation operation can further extend the bandwidth. In FR2, the operation with multiple beam (facilitated by MIMO antenna scheme) is commonly used. Each beam may have a narrow beam with high gain. For example, the existing NR rel.15 can accommodate up to 64 beams for the synchronization signal block (SSB) transmission. Considering there are many significant changes in NR, we should exploit NR features for potential OTDOA positioning improvements.
Proposal 2: Exploit NR features (e.g. wider bandwidth, MIMO, beam-forming operation, densify network) for potential OTDOA positioning improvements.
In LTE, the PRS is transmitted by the eNB under the assumption that the eNB has an omni-directional/sector antenna, at least there is no indication of the beam aspect of the antenna being used in transmitting the PRS. Similarly, the UE is expected to use an omni-directional or relatively wide antenna for receiving the beam carrying the PRS. As indicated above, NR particularly in FR2, an operation of one or multiple narrow beams (e.g. beam-sweeping operation) is expected in order to compensate path loss in mmWave frequency. This property makes PRS transmission in LTE cannot be fully adopted in NR. In particular RAN1 needs to study, for example identifying a proper scheduling mechanism to accommodate PRS transmission on those beam-forming transmission in multiple direction. 
Proposal 3: Study OTDOA technique in mmWave frequency range (FR2), particularly on the need to support beam-forming operation.
In our companion contribution we have summarized NR positioning requirements [2] . The requirements are targeting for numerous use-cases/scenario. It has multiple dimensions of performance metric (horizontal accuracy, vertical accuracy, availability, latency, etc) and various requirement levels (sub-1m, 10m, 50m, etc). 
Observation 2: NR positioning should support various use-cases which has multiple dimensions of performance metric (e.g on horizontal accuracy, vertical accuracy, availability, and latency) and requirements level (e.g sub-1m, 10m, 50m).
It may be difficult to identify one technical solution that fits to all use-cases and scenarios. In OTDOA, an accurate positioning estimate, typically requires wide bandwidth and many PRS subframes. Many PRS subframes may increase the latency to perform the measurement. Yet, some use-cases require high accuracy and short latency. In practice, we consider the majority of use-cases would not require high accuracy and require reasonable latency.

Based on the above observation, an adaptive operation on positioning techniques may be beneficial. It can be a flexible operation by means of combining RAT dependent and RAT independent. Another consideration is a flexible operation in OTDOA positioning itself at least into certain extend. 
Proposal 4: Adaptive positioning reference signals transmission is supported in order to simultaneously support demanding requirements (high accuracy and low latency) for some UEs and relaxed requirements for typically many UEs.

3. Conclusion 
In this contribution, we have made the following observations:
Observation 1: OTDOA is a mature positioning technique and it has extensively been used in LTE as one of the key RAT dependent techniques.

Observation 2: NR positioning should support various use-cases which has multiple dimensions of performance metric (e.g on horizontal accuracy, vertical accuracy, availability, and latency) and requirements level (e.g sub-1m, 10m, 50m).
Our proposals are listed below:

Proposal 1: Consider to use OTDOA in LTE and the signalling mechanism (e.g. LPP, LPPa) as the baseline for OTDOA in NR.
Proposal 2: Exploit NR features (e.g. wider bandwidth, MIMO, beam-forming operation, densify network) for potential OTDOA positioning improvements.

Proposal 3: Study OTDOA technique in mmWave frequency range (FR2), particularly on the need to support beam-forming operation.

Proposal 4:  Adaptive positioning reference signals transmission is supported in order to simultaneously support demanding requirements (high accuracy and low latency) for some UEs and relaxed requirements for typically many UEs.
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