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Introduction
In RAN1#95, positioning SID was approved. The following agreements were made related to positioning technologies [1]. Possible RS configurations including possibility for new PRS designs and various areas of techniques are to be studied during the study item. In this contribution, we describe positioning schemes which rely on both DL transmission. Namely details related to Enhanced cell ID is described in this contribution. The contribution is organized as follows. In Section 2, beam sweeping based positioning techniques and proposals related to positioning are described. In Section 3, evaluation results using the proposed technique are shown. In Section 4 and 5, our views on general positioning techniques and channel model used in evaluation are described, respectively.

	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)

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

Agreement:
The following candidate techniques are considered for study of DL and UL positioning:
· Timing based techniques
· Round trip time measurement including support for multiple TRPs
· Combination of DL and UL techniques for NR positioning
· e.g. E-CID like techniques (including one or multiple cells)

Agreement:
The following candidate reference signals were identified for DL positioning evaluation and are to be further studied
· NR CSI-RS (including TRS configuration)
· NR Synchronization Signals (SSBs)
· New DL positioning reference signals (DL PRS)

Agreement:
The following candidate reference signals were identified for UL positioning evaluation and are to be further studied
· NR PRACH
· NR SRS
· NR UL DMRS
· NR UL PTRS
· New UL positioning reference signals (UL PRS)



Enhanced cell ID based positioning and CSI-RS

 Enhanced cell ID approach in LTE requires distance and angle information for positioning. The method considers various measurements such as round trip time, pathloss measurement to estimate the distance of UE or angle of arrival estimated at UE for positioning. Although the existing LTE based approach can be used, NR SSB or NR CSI-RS which offers flexible configuration can also be used for positioning. 
At higher 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. In addition, based on beam sweeping or management, AoD can be used to estimate the angle at which UE is located. In beam management, multiple directions for beams are considered and the selected beam by UE can be used to estimate the angle of departing beam based on a reference from which the AoD is calculated. Moreover, AoD based estimation allows offloading of computations from UE to gNB. Computation of AoD should be up to gNB implementation.

[bookmark: Obs1]Observation 1 : AoD can be used to estimate the angle of UE

Enhanced cell ID can be extended to multiple TRP case. Using multiple TRPs, a collection of angle information can be collected and averaged by at gNB. Similar to OTDOA method, the multi-TRP based enhanced cell ID method requires coordination between TRPs.
 In addition, whether beam correspondence can be used for positioning is an interesting venue for investigation. In beam correspondence, both gNB and UE conduct beam sweeping to find the pair of gNB and UE beam from which maximum SINR can be obtained. Using beam correspondence is similar to using both AoD at gNB and AoA at UE for positioning, possibly increasing positioning accuracy.

[bookmark: Obs2]Observation 2 : Beam correspondence may bring performance gain in positioning

 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: P1]Proposal 1 : Evaluate SSB/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. In addition, positioning for INACTIVE or IDLE UEs should be considered. Such specification will be useful for devices which need to conserve energies. For IDLE or INACTIVE devices, periodical monitoring of SIB can be used as an opportunity for positioning. In addition, PRACH sent during IDLE or INACTIVE mode can be used as positioning.

[bookmark: P2]Proposal 2 : Evaluate efficient methods to compute TA
[bookmark: P3]Proposal 3: Positioning for INACTIVE or IDLE UEs should be considered
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[bookmark: _Ref535061599]Figure 1 Illustrative examples of beam sweeping using SSB and CSI-RS (2-step beam sweeping)

Evaluation results : ECID based approach
Positioning methodology
[bookmark: _GoBack] In this section, positioning accuracy is evaluated by simulations. For ECID based approach, we have implemented both SSB-only (1 step) and SSB and CSI-RS (2-step) beam sweeping to estimate the direction of UE by AoD. For SSB beam sweeping, 64 directions were considered. In the 2-step beam sweeping, following SSB beam sweeping, CSI-RS beam sweeping was implemented to perform targeted beam sweep based on the SSB result. An illustrative example of the implemented beam sweeping is shown in Figure 1. Beam correspondence was also implemented in the simulation. Beams were swept in both azimuth and zenith directions. No modifications to the channel model, other than the procedures detailed in TR 38.901 [3] were applied in the evaluation. Received reference signal power based method was implemented to estimate the distance between UE and BS.

Evaluation assumptions and preliminary results
 The indoor scenario and FR2 parameters for UE and BS defined in TR 38.855 [4] are used in the simulation. The CDF curve for positioning accuracy is shown in Figure 1. From the evaluation results, it is clear that sufficient positioning performance cannot be obtained by using SSB only based positioning. However using CSI-RS will yield performance improvement. During the evaluation, it was noticeable that multipath components contribute to positioning inaccuracy for estimation of both direction and distance between UE and BS. It should be noted that the presented results here are preliminary and implementation based methods may be able to improve the results presented here. 

[image: ]
[bookmark: _Ref535059214]Figure 2 Accuracy of beam sweeping based positioning, indoor office scenario and FR2

[bookmark: Obs3A]Observation 3 : Using CSI-RS followed by SSB yield performance improvement for positioning in FR2

Other aspects related to positioning techniques
Finally, whether common framework for FR1 and FR2 can be used shall be discussed since beam-based positioning techniques are envisioned to be implemented in FR2, while LTE-like broad-beam based positioning techniques can be used in FR1. The observation made here applies to both DL-only and combination of DL and UL positioning techniques. Since techniques related to beam management, beam correspondence and AoD estimation are targeted for FR2, they should be consider as key positioning techniques for FR2.

[bookmark: Obs3]Observation 4 : Beamwidth assumed in FR1 and FR2 may create frequency dependent positioning operation

 In addition, a positioning process initiated by UE should also be supported by NR. For example, in case of the emergency, UE should be able to trigger the positioning operation.

Scenarios to be considered for positioning and concluding remarks. 
 One of the important use cases to be considered in positioning 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. In addition, the following agreement was made in RAN1#95 regarding the channel model used in the evaluation.

	Agreement:
The existing channel models as provided in the TR 38.901 are used for NR positioning evaluation as a baseline.
· Note: Companies can provide additional results and describe modifications made for NLOS channel model



Regarding the use of modified channel model to fix the NLOS model so that the first path is the direct path of arrival, it is recommended that analysis and performance comparisons are based on the results using the existing channel model defined in TR 38.901 since the model was created based on the measurements.

Conclusion 
Thus, in this contribution, we made the following proposals and observations:

Observation 1 : AoD can be used to estimate the angle of UE

Observation 2 : Beam correspondence may bring performance gain in positioning

Observation 3 : Using CSI-RS followed by SSB yield performance improvement for positioning in FR2

Observation 4 : Beamwidth assumed in FR1 and FR2 may create frequency dependent positioning operation

Proposal 1 : Evaluate SSB/CSI-RS for angle determination for E-CID

Proposal 2 : Evaluate efficient methods to compute TA

Proposal 3: Positioning for INACTIVE or IDLE UEs should be considered
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