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Introduction
In RAN#80, positioning SID was approved. The following objective is included in the scope of the study on NR positioning [1].

	The first priority will be to evaluate scalable positioning solutions of RAT-dependent (NR based) positioning methods in both FR1 and FR2 for regulatory use cases such as ECID, OTDOA and UTDOA in order to be also applied for other use case scenarios while other positioning methods as RAT-dependent positioning are not precluded, in order to have parity with LTE based positioning for regulatory requirements.



In this contribution, we describe several techniques for OTDOA and ECID based approaches for positioning.
RS design for OTDOA
General procedure
OTDOA is characterized by multiple TRPs transmitting reference signals to UE. At the UE side, RSTD (reference signal time difference measurement) is calculated and based on coordinates of TRPs, location of UE can be determined. In NR, multiple TRPs or panel operation is envisioned, 
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Figure 1 OTDOA based approach for positioning


The following formula is used to approximate the location of the UE:



where  is the time difference between reference TRP and target,  is the time offset between TRPi and TRP1. Measurement error in arrival time at UE is indicated by . The speed of light is denoted by . The Cartesian coordinate of UE and ith TPR is indicated by  and , respectively. In the following subsections, possible reference signal designs are introduced.

PRS patterns
In LTE, positioning reference signals (PRS) are defined and used for positioning. As in LTE, reference signals dedicated for positioning can be used to meet various accuracy requirements. In this subsection, possible designs for PRS are introduced. 
In the example shown in Figure 2a, NR PRS are placed in a resource block so that multiplexing up to 6 PRS patterns are possible, and the pattern is spread across the time and frequency domain. One of the appealing characteristics in LTE PR is that PRS was dedicated for positioning, spread across time and frequency domain. In NR RS, although DMRS and CSI-RS are both designed for maximum coverage across frequency and time domain, they do not have flexibility compared to PRS. Thus, in this contribution, we propose to investigate performance of PRS to observe if the proposed designs meet the target. One difference between PRS design for LTE and NR is that cell reference signal (CRS) is not defined in NR. Thus, PRS can be placed without consideration for CRS. One of the possible configurations for PRS is shown in Figure 2a, in which similar to PRS in LTE, up to six patterns can be multiplexed. In addition, since there are no CRS in NR, PRS can be placed evenly in a resource blocks.
 As in LTE, PRS should be placed so that PRRs do not overlap with PDCCH. In addition, to avoid interference with PDSCH, at least for FR1, there should be slots dedicated for PRS. Depending on the slot structure, placement of PRS should be truncated. For example, the PRS symbols are dropped from the pattern if some symbols are reserved for uplink.
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[bookmark: _Ref524081651]Figure 2 Placement of PRS, various densities
In addition, considering higher requirement for positioning accuracy, density of PRS can be changed. In NR, wideband positioning is possible, and density of PRS can be adjusted to allow multiplexing. One of the configurations for higher and lower density of PRS, compared to the density in Figure 2a, is shown in Figure 2b and Figure 2c, respectively. Finally, beam based operation in FR2, PRS may be suitable for FR1 considering wider beamwidth implemented in FR1.

[bookmark: Prop1]Proposal 1 : Discuss necessity of need for variable densities for PRS for OTDOA

 Furthermore, whether PRS designs for non-slot are needed should be considered. In low-latency applications, burst PRS may be required to locate UEs. The aforementioned PRS designs for various sizes of non-slots should be considered. One of the possible placement of PRS in a non-slot is shown in Figure 2d.

Time domain behaviors of PRS
One of the issues for standardizing PRS is high overhead since PRS requires dedicated slots for transmission. Different time behaviours for PRS should be defined. At least periodic and semi-persistent PRS should be defined. Semi-persistent PRS is resource-friendly solution for positioning. In LTE, periodic PRS was defined, and periodicity and subframe offset values were specified. In NR, to allow efficient and low-latency positioning process, semi-persistent PRS, which can be terminated after predefined measurement time has elapsed, can be defined. In case, sufficient accuracy is achieved in a short interval, semi-persistent PRS can be terminated. In addition, termination of positioning by DCI signalling should also be defined. In addition, different time behaviours for positioning report can also be considered. For FA applications, periodic reporting of position of equipment is useful for location-sensitive operation in the factory. In addition, semi-persistent reporting of location is useful for reducing overhead required for position reporting.
It should also be noted that in LTE, muting was standardized to pause PRS transmission for a specific interval to reduce interference caused by PRS. Implementing the time domain behavior for PRS should be able to control transmission intervals of PRS.
 Need for aperiodic PRS should also be discussed. In FA applications, there could be a need to perform burst positioning to find approximate location of the equipment. In such a case, a burst of slots containing PRS can be sent for UE to perform quick measurement. As described above, density of PRS can be configured and a burst of high density PRS can be sufficient to locate equipment. 
 In addition, numerology and CP length for all PRS used for positioning a UE should be the same, to reduce computation required for positioning.

[bookmark: Obs1]Observation 1 : Different time domain behaviors for PRS are useful for resource efficient positioning

[bookmark: Prop4]Proposal 4 : Study necessities of different time domain behaviors for PRS

Positioning inactive UE
 One of the issues for NR UEs to save consumption of power. In LTE, positioning was conducted for UEs in RRC_CONNECTED mode. However, in NR, it may be necessary to position the UE who is in IDLE or INACTIVE mode. One way to initiate positioning can be through SSB. UE can use SSB as PRS to compute RSTD. Moreover, UE may start positioning procedure without waiting for RAR from BS.
Enhanced cell ID based positioning and CSI-RS
 Enhanced cell ID approach considers various measurements such as round trip time, pathloss measurements or angle of arrival for positioning. Although the existing LTE based approach can be used, existing CSI-RS can also be used for positioning. At high frequency, beam based positioning is envisioned. Using transmission beams after beam management can provide accurate estimate on the angle of the location of the UE. Thus, CSI-RS may be useful for positioning in FR2. Using multiple TRPs, a collection of angle information can be collected and averaged by at gNB. Thus instead of AoA information, selected CSI-RS beams can be used to estimate the AoD.
 Similar to PRS, slots dedicated for CSI-RS at FR2 may be necessary. However, if angle based measurement is to be performed, multiplexing data and CSI-RS can also be allowed, since transmission beams for CSI-RS will be narrower and directive, and inter-UE interference can be avoided.  Furthermore, explicit configuration for CSI-RS to indicate the RS is used for measuring may be necessary since UE may receive multiple CSI-RS from different panels or TRPs.

[bookmark: Prop2]Proposal 2 : Evaluate CSI-RS for angle determination for E-CID

 In LTE, timing advanced based approach was used to estimate distance between base station and UE. One way to implement expedient positioning is to use PDCCH order and corresponding PRACH. Once UE receives the PDCCH order, UE sends back PRACH which BS can use to compute TA.

[bookmark: Prop3]Proposal 3 : Evaluate efficient methods to compute TA

Scenarios to be considered for positioning and concluding remarks. 
 Whether separate methods can be implemented for FR1 or FR2 should be discussed. As mentioned above, more directive beams transmitting CSI-RS may be more fitted for FR2 while PRS based solution may be more ideal for FR1. In addition, although indoor scenario is considered to be one of the possible evaluation scenarios for positioning. One of the important use cases to be considered is FA. As discussed in RAN#81, channel modeling for IIoT (Industrial IoT) is proposed for one of the activities for RAN1 [2]. Thus, we would like to have the completed channel model in the evaluation so that proposed technologies can be evaluated in a realistic FA scenario.

Thus, in this contribution, we made the following proposals and observation

Observation 1 : Different time domain behaviors for PRS are useful for resource efficient positioning

Proposal 1 : Discuss necessity of need for variable densities for PRS for OTDOA

Proposal 2 : Evaluate CSI-RS for angle determination for E-CID

Proposal 3 : Evaluate efficient methods to compute TA

Proposal 4 : Study necessities of different time domain behaviors for PRS

Proposal 5 : Include IIoT channel models in performance evaluation
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