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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#94b, the following agreements related to NR RAT-dependent positioning solutions were reached.
	Agreement:
The RAT dependent solutions considered for study include
· Downlink based solutions
· Downlink and uplink based solutions
· Uplink based solutions



In this contribution, the proposed techniques are categorized as per the agreement above. 

[bookmark: _Ref129681832]Downlink based solutions
OTDOA
Principle of OTDOA
The principle of OTDOA is tri-lateration or multi-lateration. Additional details can be found in our contribution to RAN1#94b in [2]. Usually, OTDOA requires  TRPs to resolve the non-linear equations, where  is the dimension of UE location. When more TRPs are involved in location calculation, 2WLS algorithm [3], Taylor expansion [4], or particle swarm optimization (PSO) [5] can be implemented.  
To support OTDOA,  the higher layer signaling between UE and LMF i.e. the transfer of OTDOA assistance data and transfer of RSTD measurement, current specifications for LTE [7] and EN-DC [8] should be the baseline for adaptation towards NRPP specification.
In our companion contribution [6], simulation evaluation results showed that OTDOA can meet the requirements for both the regulatory case and the commercial use cases at least for the case with no synchronization error.
Proposal 1: Support OTDOA in NR and consider the following higher layer signaling in LPP as the starting point for NRPP specification:
· OTDOA assistance data transfer
· RSTD measurement report

Enhancement to DL RS 
In OTDOA, PRS is used to estimate RSTD from multiple BSs to one UE. The current TRS would be interfered from data transmission in other cells. In addition, the number of TRS symbols per slot is less than PRS, which cause detectability issues in neighbor cells especially in UMa scenario. Therefore, the TRS cannot replace the PRS functionality and hence NR PRS is needed for positioning in Rel. 16.
Proposal 2: Study new PRS design in Rel. 16 OTDOA positioning.
The LTE PRS pattern specified in Rel. 9 is illustrated in Figure 1[9]. For this pattern, the 5th, 8th, and 12th symbols are reserved for CRS for one and two PBCH antenna, and 5th, 8th, 9th, 12th symbols are reserved for four PBCH antenna ports. 


[bookmark: _Ref528835626]Figure 1 PRS pattern in 36211
Since CRS is not supported in NR, there is no need to reserve these resources. Hence, the PRS length can be increased by allocating PRS on these reserved resources and the estimated quality of RSTD can be improved. The PRS RE mapping still has the staggering pattern across symbols and has a configurable frequency domain cyclic shift. In Figure 2, a possible pattern is illustrated. The proposed pattern is by adding the PRS in symbol carrying LTE-CRS. 
 [image: ]
[bookmark: _Ref528835709]Figure 2 Proposed PRS pattern
Proposal 3: As a starting point for further studies, NR supports the modified LTE PRS pattern without puncturing PRS on CRS symbols. 
	
DL angle-based positioning
DL angle-based positioning is based on the AOD/ZOD estimation from multiple TRPs. The solution is composed of two steps:
· Angle measurement and reporting, and 
· Positioning calculation
For angle measurement, beamformed DL RS can be transmitted in a beam sweeping way. The UE may use a single Rx beam to derive the RSRP of each DL RS resource. The RSRP vector can be regarded as the fingerprint of the estimated angle. By comparing the measured RSRP vector to the fingerprints of all pre-stored angles, a maximum likelihood (ML) algorithm can be used to estimate AOD/ZOD.
For positioning calculation, UE location can be estimated based on the AOD/ZOD measurements from various TRPs.
In our companion contribution [6], simulation evaluation results show that DL angle-based position can meet the requirements for the commercial use cases, even in the presence of synchronization errors. 
Proposal 4: Support DL angle-based positioning in NR. 

Uplink based solutions
UTDOA
Principle of UTDOA
The principle of UTDOA is similar to OTDOA, where multiple TRPs receive the SRS transmitted from a certain UE. The challenges of UTDOA are on the uplink coverage as the UE with a limited power budget needs to transmit SRS so that it is hearable at multiple receiving points some of which potentially experiencing unfavorable channel conditions towards the UE.
One way to address the uplink coverage is repetition/frequency hopping of SRS and receiver accumulation across periodic occasions. Note that SRS repetition and receiver accumulation across periodic occasions can be easily supported in NR positioning considering the quite relaxed end-to-end latency requirement of 1s for commercial use cases and supported NR SRS periodicities as small as 1 slot (1 ms for 15 kHz subcarrier spacing). 
Another approach would be through the use of LMU (Location Measurement Unit). In LTE, LMU is introduced for the purpose receiving SRS due to the uplink coverage issue. The SLm interface is specified in [10] for transferring SRS configuration and measurement results between E-SMLC and LMU. A LMU-like element, e.g. NR-LMU, should also be introduced for UTDOA in NR especially for UMa scenario. 
In our companion contribution [6], simulation evaluation results showed that UTDOA can meet the requirements for both the regulatory case and the commercial use cases, at least for the case with no synchronization error. 
Proposal 5:
· Support UTDOA in NR. 
· Support NR-LMU in NR.

Enhancement on UL RS
SRS is the primary RS candidate for UL-based positioning techniques. Compared with the LTE SRS, substantial flexibilities were introduced in Rel. 15 NR SRS sequence design and resource mapping. A SRS resource can be mapped to 1, 2, or 4 consecutive OFDM symbols in a slot and can have a bandwidth of up to 272 RBs. Rel. 15 NR SRS supports periodic, semi-persistent, and aperiodic configurations where the periodicity of periodic and semi-persistent SRS covers a range of values from 1 slot to 2560 slots. Moreover, similar to LTE, both sequence hopping and frequency hopping with a nested structure are supported. We believe that Rel. 15 NR SRS sequence design and resource mapping is flexible enough to be used as a baseline for the purpose of evaluating UL-based positioning techniques. 
In Rel. 15 NR, SRS resources are grouped into SRS resource sets. Four different usages are introduced for SRS resource sets [11][12]: “BeamManagement” to train and determine the UL transmission beam, “codebook” and “noncodebook” to respectively determine appropriate codebook-based and noncodebook-based UL precoders and “antennaSwitching” for the purpose of DL CSI acquisition. Note that some UE procedures and SRS configurations are different for different usages [11]. When developing Rel. 15 NR SRS, the positioning usage was not considered and the required UE procedure and detailed SRS configurations were not studied. It is not clear that the configurations pertaining to any of the current four NR SRS usages are suitable for the purpose of UL-based positioning. Thus, SRS configuration and UE procedure and behavior for the purpose of positioning should be independently studied in Rel. 16 positioning AI.
Proposal 6:
·  At least for evaluation purposes, NR SRS for Positioning reuses the Rel-15 NR sequence design and resource mapping as baseline.
Further study and evaluate other SRS configurations and UE procedures and behavior.

UL angle-based positioning
UL angle-based positioning is based on the AOA/ZOA estimated at multiple TRPs. The solution is composed of two steps:
· Angle measurement and reporting, and
· Positioning calculation
The angle-measurement is similar to the angle estimate in E-CID performed by the gNB. Specifically, the DFT beam method [2], the MUSIC method [2], or the SRS-RSRP fingerprint matching that is similar to DL angle-based positioning can be adopted to estimate AOA/ZOA.
For positioning calculations, the UE location can be estimated based on the AOA/ZOA measurements from multiple TRPs.
Similar approaches to UTDOA can be used to address the uplink coverage issue for UL angle-based positioning, including repetition/frequency hopping of SRS transmission, and receive accumulation across periodic occasions.
In our companion contribution [6], simulation evaluation results showed UL angle-based position can meet the requirements for the commercial use case.
Proposal 7: Support UL angle-based positioning in NR. 

Joint downlink and uplink based solutions
E-CID
In LTE, E-CID is supported based on RTT and uplink AOAs. It is straightforward to adopt the procedure as in LTE as the starting point in NR. Due to the flexibility of resource configuration and numerology in NR, some enhancements can also be considered, including
· Enhancement to timing advance reporting
· Using downlink AOD via beamformed DL RS
· Time stamp reporting
Proposal 8: Support E-CID in NR. Consider E-CID in LPP as the starting point for NRPP specification with the following enhancements:
· Enhancement to timing advance reporting
· Using downlink AOD via beamformed DL RS
· Time stamp reporting

Single-BS positioning
The single-BS positioning exploits both the direct (LOS) and reflecting (NLOS) paths for determining the UE position. Based on both DL and UL measurements, the RTT can be derived similar to E-CID. The AOD/ZOD and AOA/ZOA for all identified paths can be estimated based DL RS or UL RS similar to DL angle-based and UL angle-based solutions, respectively.
The measurement can be carried out in various locations with a known relative position in between. With all the measurements, the position of both UE and the reflectors can be estimated iteratively. The details can be found in [2][13], and our companion contribution [14].
The benefit of single-BS positioning is that in the indoor scenario like a warehouse, not sufficient LOS cells could be guaranteed due to a high probability of obstruction. Even for the LOS cell, the rich scattering may cause multiple reflective paths, hindering the TOA and angle estimation. The single-BS positioning takes advantage of the channel condition and improves the positioning accuracy in such a harsh environment.
Proposal 9: Support single-BS positioning solution in NR.

LOS determination
The estimated TOA might be used to evaluate the distance between transmitter and receiver by multiplication with speed of electromagnetic waves (speed of light). However, the first peak of the correlation does not necessary corresponds to the line of sight (LoS) propagation between the transmitter and receiver when there is no direct path between transmitter and receiver (non-line of sight NLOS). In the case of NLOS the distance calculated based on TOA overestimates the real distance between transmitter and receiver, which leads to errors in location determination. 
[image: ]
Figure 3 Illustration of propagation with reflections

It is thus useful to determine if the determined TOA corresponds to LOS or NLOS and select only those measurements corresponding to LOS. 
We note that the reflected wave is affected differently if the plane of polarization is parallel or orthogonal to the reflective surface. The reflectance (intensity reflection coefficient) is the square of the amplitude reflection coefficient. From the Fresnel equations and the Snell’s law one derives the reflectance coefficients for the parallel and orthogonal polarizations as follows:
	

	(1)


where the angle of the incidence at the reflection surface between a first medium and a second medium is , and is the angle of transmission into the second medium. For the electromagnetic wave travelling from a medium of lower to higher index of refraction the difference  is positive.  
From the above laws of physics results in order to determine if a particular wave has suffered a reflection (corresponding to NLOS propagation), one could send two different polarized signals with the same power in the same direction and then observe the changes in the intensity of the received signals. If the received intensities are different for different polarizations the wave suffered at least one reflection, i.e. it is a NLOS wave. 
Proposal 10: Study the NLOS/LOS determination to improve positioning accuracy.

Conclusions
In this contribution, we present our views on candidate positioning solutions for NR. Based on the discussion, we have the following proposals.
Proposal 1: Support OTDOA in NR and consider the following higher layer signaling in LPP as the starting point for NRPP specification
· OTDOA assistance data transfer
· RSTD measurement report
Proposal 2: Study new PRS design in Rel. 16 OTDOA positioning.
Proposal 3: As a starting point for further studies, NR supports the modified LTE PRS pattern without puncturing PRS on CRS symbols. 
Proposal 4: Support DL angle-based positioning in NR. 
Proposal 5:
· Support UTDOA in NR. 
· Support NR-LMU in NR.
Proposal 6:
·  At least for evaluation purposes, NR SRS for Positioning reuses the Rel-15 NR sequence design and resource mapping as baseline.
Further study and evaluate other SRS configurations and UE procedures and behavior.
Proposal 7: Support UL angle-based positioning in NR.
Proposal 8: Support E-CID in NR. Consider E-CID in LPP as the starting point for NRPP specification with the following enhancements:
· Enhancement to timing advance reporting
· Using downlink AOD via beamformed DL RS
· Time stamp reporting
Proposal 9: Support single-BS positioning solution in NR.
Proposal 10: Study the NLOS/LOS determination to improve positioning accuracy.
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