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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 DL based solutions. See our companion contributions [2] and [3] for Nokia’s view on the UL and DL+UL based solutions respectively. At RAN1#95 the following agreements were made with regard to DL solutions on NR positioning studies take from [4]:
Agreement:
The following candidate techniques are considered for study of DL positioning:
· Timing based techniques 
· Timing of arrival path(s)
· Phase difference based techniques
· Note: feasibility needs to be further assessed
· Angle-based techniques
· Downlink angle(s) of departure 
· Downlink angle(s) of arrival 
· Carrier-phase based techniques
· Note: feasibility needs to be further assessed
· Received reference signal power based techniques
· Cell ID and TRP related information (e.g. RS resource and/or resource set ID)

Discussion 
Observed Time Difference of Arrival (OTDOA)
One positioning solution which has generated much discussion in RAN1 to this point is Observed time difference of arrival (OTDOA). OTDOA falls under the downlink timing based positioning techniques which was agreed to be studied at RAN1#95.  
OTDOA has been specified since LTE Rel-9. Many companies have identified OTDOA as a potential solution for NR positioning (see [5] and references therein). Additionally, from the initial simulation results presented in [6-10] the performance of OTDOA in NR can begin to be understood. 
Observation 1: From the evaluations performed by RAN1 thus far, OTDOA can at least meet the regulatory requirements for NR positioning. 
As will be discussed further below there is also room for enhancements from LTE in NR which could improve the performance of OTDOA. With this in mind and considering Observation 1
Proposal 1: Observed time difference of arrival (OTDOA) will be supported in NR.
The learnings from the LTE OTDOA design should be used when defining the NR OTDOA solutions. Thus, rather than spending a lot of time on aligning the simulation platforms for positioning measurement accuracy, majority of the RAN1 effort moving forward should go into designing the RS framework that at least meets the LTE RSTD detection and accuracy performance under all conditions, and in as many aspects as possible improves over them. There is not yet a specific RS for positioning in NR as there was in LTE. 
Observation 2: A DL RS needs to be used by OTDOA in NR.
Proposal 2: Introduce RSTD measurement for NR.
The DL RS used for OTDOA could be a new RS design or could be a modified configuration of an existing RS in Rel-15 NR. As the PRS design of LTE as specified in [11], section 6.10.4 is well understood and has shown its capability to meet at least E911 requirements, it is one possible starting point for the study of NR PRS. Some companies have proposed at least CSI-RS, TRS, and SSB as possible existing NR RS that could be used for OTDOA. 
In the subsequent text and proposals, we will outline the properties and characteristics that are required for the RS used for OTDOA. For simplicity we will refer to the RS as the PRS but this does not preclude the PRS from potentially being an existing Rel-15 NR RS.   
Any PRS configuration should consider duration, bandwidth, numerology, and periodicity of PRS transmission and the density of resource elements allocated for PRS per transmission point as basic configuration parameters. PRS transmission power may be considered as additional configuration parameter. 
The PRS design must ensure that RSTD measurements with sufficiently high SINR from enough PRS transmission points are possible within a reasonable, potentially use case specific, time period. This will require isolation of PRS originating from different transmission points that is achievable e.g. through usage of mutually orthogonal time and frequency resources, usage of code sequences with good auto- and/or cross-correlation properties, or spatial separation through PRS transmission in a certain direction. 
PRS design and configuration parameters as outlined above may be configured statically, time varying, e.g. in the sense of a permutation pattern, or fully dynamically based on user density and requirements.
Proposal 3: For study of the PRS design, mapping of PRS on radio resources and PRS transmission shall at least consider the following basic paradigms:
· PRS transmission time, bandwidth, numerology, periodicity, resource density and power are (re)-configurable;
· Isolation between PRS from different transmission points can be achieved in time domain, frequency domain, code domain, or space domain, or a combination thereof;
NOTE: This does not preclude the PRS from potentially being an existing Rel-15 NR RS.
In LTE the concept of low interference subframes was used in order to improve PRS hearability. In this way isolation between PRS from different transmission points was achieved. This also allowed for muting to be applied in a simple way. 
Proposal 4: Specific time resources should be reserved for OTDOA DL transmissions in NR and can be configurable (i.e., muting pattern, periodicity).  
In LTE, PRS can be transmitted on one single antenna port only. This could be disadvantageous if the complete cell area cannot be illuminated with sufficient receive signal strength. In FR2 this is more likely to happen. The possibility of directional transmission (beamforming) of PRS can solve the problem if this direction can change over time, e.g. from PRS occasion to PRS occasion. Alternatively, two or more simultaneous directed PRS transmissions per transmission point could be applied.
Beam sweeping in NR is already applied for synchronization signals (PSS and SSS) as well as for the broadcast channel (PBCH). One Synchronization System Block (SSB) is equivalent to a beam direction. The number of SSBs per SS burst set depends on the carrier frequency. A SS burst set is repeated periodically (default 20ms). One possible approach is to study whether PRS beam sweeping can be aligned with this framework. As an example, the number of PRS beam directions per PRS occasion could be the same as the number of SS blocks per SS burst set. The periodicity of PRS occasions could be a 2n multiple of the SS burst set periodicity. 
Proposal 5: Beamforming of PRS should be possible. Time-varying beam directions (beam sweeping) and/or multiple simultaneous beams should be considered as potential solutions to achieve full coverage. In particular, the existing SSB beam sweeping framework can be used as a starting point for study of beam sweeping coordination.
Proposal 6: RAN1 will study the optimal beamforming coordination between gNBs (alternatively PRS transmission points) and PRS beam sweeping methodology for OTDOA performance, at least at FR2. 
Observation 2: There may be higher layer impacts (i.e. RAN2, RAN3) to the PRS beam sweeping methodology which should be considered when RAN1 studies them. For example, OTDOA assistance information may need to be modified in LPP and transparency of PRS transmission by gNBs shall be considered.
In LTE system, PRS transmitted from multiple eNBs can be multiplexed in the same resource block with reuse of six (i.e., six possible frequency shift, or six possible diagonal pattern). In NR, a new introduced feature is the support of multiple numerologies (SCS: 15 kHz, 30 kHz and 60 kHz for FR1 and 120 kHz and 240 kHz for FR2). As different numerologies have different subcarrier spacing and symbol duration, how to support PRS transmission from different gNBs (with potential different numerologies) multiplexed in the same PRS occasion becomes an issue. The most straightforward solution is using the same numerology for PRS transmissions from multiple base stations. However, gNB may use different working numerologies before PRS transmission. Additional RF switching may be required for PRS transmission, which brings additional complexity and delay not only for PRS transmission, but also for normal service which is providing by the gNB. Thus, it is beneficial to study how to support PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning.
Proposal 7: Study how to support PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning.
OTDOA in NR looks likely to involve broadcast DL signals which are periodic. Likely these DL signals (e.g. PRS) will be “always on” in some sense. It is also likely that PRS (or another RS used for OTDOA) will be configured once for a long period and then repeated with some period. If this configuration does not change much over time perhaps UEs can take advantage of this fact. One possible scenario where UE could take advantage of this is in idle mode. We discuss this in detail in our companion contribution on idle and inactive mode [12].
DL angle based solutions
As agreed in RAN1 #95, potential candidates for DL angle based solution are 1. Downlink angle(s) of departure; 2. Downlink angle(s) of arrival. 
DL AoD estimation
In NR, the support of massive MIMO is an essential new feature, which brings potential very narrow beam width (i.e., with high beamforming gain). Thanks to highly directional transmission beamforming, the information of “angle of departure” at the base station can be used for accurate positioning in NR, especially in FR2. For example, the maximum number of supported beams for SSB transmission in FR1 and FR2 is 16 and 64, respectively. Hence, 1/64*360= 5.625degree accuracy can be expected under an assumption of uniform SSB sweeping pattern in FR2.
For serving cell, the AoD estimation can be done in a beam determination/maintenance procedure, e.g., by measurement report of SSB and CSI-RS signaling. However, the beam maintenance procedure is not expected for neighbor cell in a NR system. One potential solution is reusing and extending NR RRM framework for positioning purpose. NR introduces the concept of Synchronization Signal Block (SSB) based RRM measurement timing configuration (SMTC) for SSB-based measurements. The SMTC is a timing configuration where the UE is configured to perform SSB-based RRM measurements. From RAN1 perspective, a UE could measure the swept SSBs from a neighbor cell and then obtain the RSRPs of received SSBs. The AoD estimated by comparing RSRP values from SSBs transmitted by different beam directions. 
Proposal 8: The DL AoD estimation based on SSB transmission and potential other DL reference signaling should be studied by RAN1.
DL AoA estimation
The other potential DL angle based solution is AoA estimation at the user equipment. In NR, a small antenna array (e.g., with four receiving antenna elements) can be expected at the UE side. A UE can perform AoA estimation based on a DL reference signal. By using super-resolution AoA algorithms (e.g., MUSIC, Matrix Pencil, etc.), limited number of antenna elements can still achieve high AoA estimation accuracy. However, the AoA estimation operation will increase the computational complexity and power consumption at the UE. And, it is also a challenge for low-cost end users.
Observation 3: Whether to support DL AoA estimation should take UE’s complexity and power consumption into account.
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 [13]. 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 [14]. However, in the AOA estimate case the bias variable is often modelled as a uniform random variable across the angular domain [15]. This makes it difficult to compensate for in positioning schemes. 
Observation 4: NLOS conditions may be more difficult for angle based positioning solutions to overcome compared with timing based positioning solutions. 
Proposal 9: 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.
Solutions based on received reference signal power
The use of directional transmissions in NR provides additional means for UE positioning that can be realized even from signals originating from a single gNB. Such solution refers to beamformed transmissions conveying reference signals with separate beam-IDs. The estimation of the position of the UE follows by properly processing report messages sent by the UE, where the received signal power of such beam-specific reference signals is reported. This implies that not only the best-beam-related measurements should be reported by the UE, but also measurements pertaining to other beams that the UE hears.
Proposal 10: The UE measurement report should concern reference signals with multiple beam-IDs. This implies that not only the reference signal associated with the stronger beam is reported, but reference signals from other beams are reported as well. 
The position estimation process in NR is anticipated to be carried out at the core network, and specifically at the Location Management Function (LMF) entity. In order for the LMF to be able to estimate the position of the UE based on received reference signal power, additional information should be sent to the LMF by the RAN. Such additional information relates to the beamforming configurations at the gNB. Specifically, it refers to the transmit power of each beam transmitted by the gNB of reference, as well as the corresponding downtilt (elevation) and azimuth angles of each beam. In this way, for conducting the UE position estimation the LMF matches the received reference signal power reported by the UE with the provided beam configuration information.
Proposal 11: Information related to the beam configuration should be conveyed from the RAN to the LMF. Such information can be utilized for estimating the position of the UE based on the reported received reference signal power. The beam-related information should include the transmit power per beam, along with the corresponding elevation (downtilt) and azimuth angle information.
Conclusion
Observation 1: From the evaluations performed by RAN1 thus far, OTDOA can at least meet the regulatory requirements for NR positioning. 
Proposal 1: Observed time difference of arrival (OTDOA) will be supported in NR.
Observation 2: A DL RS needs to be used by OTDOA in NR.
Proposal 2: Introduce RSTD measurement for NR.
Proposal 3: For study of the PRS design, mapping of PRS on radio resources and PRS transmission shall at least consider the following basic paradigms:
· PRS transmission time, bandwidth, numerology, periodicity, resource density and power are (re)-configurable;
· Isolation between PRS from different transmission points can be achieved in time domain, frequency domain, code domain, or space domain, or a combination thereof;
NOTE: This does not preclude the PRS from potentially being an existing Rel-15 NR RS.
Proposal 4: Specific time resources should be reserved for OTDOA DL transmissions in NR and can be configurable (i.e., muting pattern, periodicity).  
Proposal 5: Beamforming of PRS should be possible. Time-varying beam directions (beam sweeping) and/or multiple simultaneous beams should be considered as potential solutions to achieve full coverage. In particular, the existing SSB beam sweeping framework can be used as a starting point for study of beam sweeping coordination.
Proposal 6: RAN1 will study the optimal beamforming coordination between gNBs (alternatively PRS transmission points) and PRS beam sweeping methodology for OTDOA performance, at least at FR2. 
Observation 2: There may be higher layer impacts (i.e. RAN2, RAN3) to the PRS beam sweeping methodology which should be considered when RAN1 studies them. For example, OTDOA assistance information may need to be modified in LPP and transparency of PRS transmission by gNBs shall be considered.
Proposal 7: Study how to support PRS transmissions from multiple gNBs with different numerologies multiplexed in one PRS occasion for NR positioning.
Proposal 8: The DL AoD estimation based on SSB transmission and potential other DL reference signaling should be studied by RAN1.
Observation 3: Whether to support DL AoA estimation should take UE’s complexity and power consumption into account.
Observation 4: NLOS conditions may be more difficult for angle based positioning solutions to overcome compared with timing based positioning solutions. 
Proposal 9: 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.
Proposal 10: The UE measurement report should concern reference signals with multiple beam-IDs. This implies that not only the reference signal associated with the stronger beam is reported, but reference signals from other beams are reported as well. 
Proposal 11: Information related to the beam configuration should be conveyed from the RAN to the LMF. Such information can be utilized for estimating the position of the UE based on the reported received reference signal power. The beam-related information should include the transmit power per beam, along with the corresponding elevation (downtilt) and azimuth angle information.
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