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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN#80 and RAN#81, the SI on NR positioning was approved and updated [1], and the objectives can be found in Appendix.
The 3GPP system shall support strong location capability to satisfy regulatory requirements and commercial use cases. NR positioning technologies are discussed in this contribution. 
2. OTDOA  related Techniques
Considering the existing studies on positioning in LTE/LTE-A, positioning techniques based on OTDOA, UTDOA and E-CID had been mainly focused and there were well-defined simulation methodologies. NR could reuse the methodology in LTE/LTE-A and update the existing technology according to new technology and specification in Rel-15. OTDOA was considered as baseline technique for previous positioning evaluation. OTDOA related techniques could provide more accurate UE location and have greater impact on RAN1 specification than other positioning technologies. So in our views, OTDOA should be also considered as baseline positioning method for NR positioning evaluation methodology. Therefore RAN1 needs to study potential enhancement of NR OTDOA for more stringent regulation and commercial requirements. In this section, some considerations are proposed about NR OTDOA related techniques. 
Positioning reference signal (PRS) is used to obtain RSTD measurements by UE in OTDOA. Thus the enhancement of PRS in NR system should consider both current new technique of NR and previous PRS feature in LTE/LTE-A. 
2.1	Considerations of NR framework
Positioning reference signal should be flexible enough to match NR framework. Some considerations of NR PRS design are below:
· PRS design should consider NR beam mechanism. On the one hand, beam management information can provide spatial and angular domains information such as accurate arrival/departure angle, which can provide additional benefit for UE position measurement. On the other hand, analog beamforming brings scheduling restriction that each symbol is transmitted using one beam only per panel. That means the time span of symbols/slot occupied by PRS may be restricted to narrow time duration. The number of consecutive slot used to transmit PRS should also become 1 slot or less. 
· PRS design should consider multi-TRP or multi-cell transmission. Considering restriction caused by the beam management mechanism, UE is not assumed to receive multiple PRS beams from multiple TRPs or cells simultaneously. This is very different from LTE.
· PRS design should consider the operation in low and high frequency band of NR radio-technology. PRS should support scalable bandwidth from 5MHz to 400MHz, subcarrier spacing from 15kHz to 240kHz and carrier frequency below/above 6GHz.
· PRS design should consider the relationship with other signal/reference signals of NR, i.e. PRS design should consider QCL or multiplexing relationship with other signals/reference signals NR.
· PRS design should consider other time/frequency/spatial configurations of NR system.
· PRS design should consider smaller influence on NR specification, lower overhead and power consumption.
2.2	Considerations of general PRS design
  In this section, the following issues related to general PRS design should be considered. 
· PRS design should consider positioning requirements such as accuracy and latency. Therefore PRS design shall be flexible enough to satisfy different accuracy or latency requirement. In the scenarios where performance requirements are not stringent, the PRS design with less overhead could be adopted. 
· PRS design should consider the frequency offset caused by local crystal oscillator, phase noise, high speed UE or other unknown reasons. Therefore PRS design should be more robust to frequency offset, phase noise and Doppler shift. 
· PRS design should consider increasing hearablity from other positioning node and reducing the interference from other cell or TRP. In order to facilitate to allocate PRS and reducing interference, more PRS sequences and patterns are required.
These considerations could affect the PRS design such as sequence generation, pattern design, beam related design, powerboosting, bandwidth, subcarrier spacing, port configuration and multiplexing scheme, etc.
Proposal 1: 
· OTDOA is considered as baseline positioning method for the purpose of evaluation.
· Beam-related OTDOA technique should be studied.
Proposal 2:
· NR PRS should be flexible enough to fit into NR framework.
Proposal 3:
· NR PRS design should consider at least the points proposed below
·  NR beam mechanism.
· Multi-TRP or multi-cell transmission.
· The operation in low and high frequency band of NR radio-technology.
· The relationship with other signal/reference signals of NR radio-technology.
· Other time/frequency/spatial configurations of NR system.
· Smaller influence on NR specification, lower overhead and power consumption.
· Positioning requirements such as accuracy and latency.
· The frequency offset caused by local crystal oscillator, phase noise, high speed UE or other unknown reasons.
· Increasing hearablity from other positioning node and reducing the interference from other cell or TRP.
2.3	Other considerations of PRS design
NLOS is a big challenge in positioning study which can bring severe positive ToA measurement errors. This could lead to inaccurate location estimation especially in TDOA-based techniques. It is known that UMa scenario has large probability caused by large distance between gNB and UE. The following simulations in Figure1 are based on UMa scenario with a PRS bandwidth of 100MHz. The simulation assumptions can be referred to appendix 1 of [2].
It is observed that positioning performance in the cases with normal NLOS probability is much worse than those cases with 100% LOS probability.  The positioning performance can be serious impacted by NLOS even though conducting with large bandwidth, so it is necessary to address the problems brought by NLOS during the period of NR positioning study. PRS design should also consider reducing NLOS effect. 
[image: ]
Figure1 NLOS effect on positioning performance 
Observation 1:
· NR PRS design should consider how to address the problems brought by NLOS.
In Figure2, we present the positioning performance of Indoor office with a PRS bandwidth of 100MHz and 100% LOS probability. The simulation assumptions can be referred to appendix 1 of [2]. It can be observed that the indoor positioning accuracy of 100MHz doesn’t meet the accuracy requirement of 1m. In addition, the performance is also worse than the performance with 100% LOS probability presented above. A reason seems to be that the ToA resolution is not finer enough, e.g. the ToA measurement error can be at most 0.5Ts causing an error of about 1.5 meters. This could lead to a bad positioning performance especially in scenarios which has short BS-UT distance. For indoor scenarios, higher ToA or RSTD resolution is needed and technique enhancement should be studied to satisfy the stringent requirement. Therefore, PRS design should consider enhancing indoor positioning performance to meet indoor positioning requirement.
              [image: ]
Figure2 Positioning performance of indoor scenario with 100% LOS probability 
Observation 2:
· NR PRS design should consider enhancing indoor positioning performance to meet indoor positioning requirement.
3. Other RAT-dependent techniques
In addition to OTDOA, NR positioning should also support UTDOA and ECID positioning technologies.
Considering UTDOA technology in LTE/LTE-A, NR SRS should be also used for NR UTDOA-based positioning. UTDOA is a network-based technology. The network can use the uplink positioning measurement provided by SRS to obtain RSTD between positioning related BSs and UEs. UTDOA-based positioning should also consider new framework like beam mechanism, multi-TRP or multi-cell transmission, low and high frequency band and other time/frequency/spatial configurations, etc.
In previous evaluations, it is presented that ECID has worse positioning accuracy compared with TDOA-based technologies. This technology relies on TA and AOA measurements. NR beam mechanism could provide enhancement for AOA measurement and the larger bandwidth could provide more accurate time resolution which is helpful to TA measurement. In NR system, TA could be measured by PSS, SSS or PRACH.  
Proposal 4: 
· UTDOA and ECID techniques should be updated according to NR enhancement.
4. Hybrid positioning 
According to the 3GPP TS 22.261, the 5G system shall support the use of 3GPP and non-3GPP technologies to achieve higher-accuracy positioning. Hybrid positioning methods include both the combination of 3GPP positioning technologies (RAT-denpendent) and the combination of 3GPP positioning technologies with non-3GPP positioning technologies (RAT-indenpendent) such as GNSS (e.g. Beidou, Galileo, GLONASS, and GPS), Terrestrial Beacon Systems (TBS), sensors (e.g. barometer, IMU), WLAN/Bluetooth-based positioning. The purpose of hybrid positioning is to achieve better performance than those using only one positioning technology and the hybrid technology could be the combiantion of two technologies or more above.
The most important consideration for hybrid positioning is how to combine different positioning technologies. For example, in some indoor scenarios with dense obstacle,RAT-dependent positioning is seriously effected by NLOS and can’t provide accurate UE location. In this case, UE could use additional information provided by WLAN or Bluetooth to reduce the impact of NLOS. It seems that UE-based data processing/approach could obtain additional information easily and make a better results in the combination of RAT-denpendent and RAT-indenpendent positioning technologies.
RAT-independent techniques have small impact on RAN1 specifications, while it mainly affects high layer specifications and signaling. Thus RAN1 should focus on RAT-dependent techniques.
Proposal 5: 
· Support UE-based positioning data processing/approach for RAT-denpendent, RAT-indenpendent and  hybrid of these positioning technologies.
Proposal 6: 
· RAN1 should focus on RAT-dependent techniques.
5. Conclusion
In this contribution, we discuss NR positioning techniques with the following proposals:
Proposal 1: 
· OTDOA is considered as baseline positioning method for the purpose of evaluation.
· Beam-related OTDOA technique should be studied.
Proposal 2:
· NR PRS should be flexible enough to fit into NR framework.
Proposal 3:
· NR PRS design should consider at least the points proposed below
·  NR beam mechanism.
· Multi-TRP or multi-cell transmission.
· The operation in low and high frequency band of NR radio-technology.
· The relationship with other signal/reference signals of NR radio-technology.
· Other time/frequency/spatial configurations of NR system.
· Smaller influence on NR specification, lower overhead and power consumption.
· Positioning requirements such as accuracy and latency.
· The frequency offset caused by local crystal oscillator, phase noise, high speed UE or other unknown reasons.
· Increasing hearablity from other positioning node and reducing the interference from other cell or TRP.
Proposal 4: 
· UTDOA and ECID techniques should be updated according to NR enhancement.
Proposal 5: 
· Support UE-based positioning data processing/approach for RAT-denpendent, RAT-indenpendent and  hybrid of these positioning technologies.
Proposal 6: 
· RAN1 should focus on RAT-dependent techniques.
Observation 1:
· NR PRS design should consider how to address the problems brought by NLOS.
Observation 2:
· NR PRS design should consider enhancing indoor positioning performance to meet indoor positioning requirement.
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Appendix
Objective of SI
· Select the requirements, and study corresponding evaluation scenarios/methodologies to enable positioning in regulatory and commercial use cases [RAN1]
· Identify requirements such as accuracy, latency, capacity, coverage, and etc. (in RAN1 #94bis)
· For evaluation purpose, radio layer level latency is considered rather than end-to-end latency.
· Define a representative number of evaluation scenarios for indoor and outdoor
· One use case representing indoor (e.g. Indoor Office as a baseline)
· One use case representing outdoor (Umi-street canyon and Uma scenario as baseline)
· One macro deployment from TR37.857 for FR1
· Note: Any specific deployment scenarios are also studied including evaluation scenarios for FR2.
· Define evaluation methodologies considering the above evaluation scenarios including:
· System parameters including operating bands for both FR1 and FR2 at least for RAT-dependent (NR-based) positioning and for hybrid of RAT-dependent and RAT-independent positioning
· User dropping procedures
· Performance metrics to evaluate vertical/horizontal positioning and the above identified requirements
· The evaluation scenarios/methodologies developed for above regulatory aspects can be a baseline for other positioning evaluations at least by taking TR 37.857 into account.
· 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 primary, RAN3 checks, according to current practices for positioning architecture]
· 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.
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