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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 2.
The 3GPP system shall support strong location capability to satisfy regulatory requirements and commercial use cases. NR positioning evaluation scenarios and methodologies are discussed in this contribution with the proposed simulation assumptions and parameters for some typical scenarios. 
2. Evaluation scenarios 
NR radio-technology can potentially provide added value in terms of enhanced location capabilities. The operation in low and high frequency bands (i.e. below and above 6GHz) and utilization of massive antenna arrays provides additional degrees of freedom to substantially improve the positioning accuracy. It is necessary to focus on some typical scenarios for NR positioning evaluation.   
[bookmark: _GoBack]Urban Macro scenario (UMa) based on NR system can be one of typical scenarios of NR positioning, for both outdoor UEs and Indoor UEs. We assume all gNBs to be located outdoor. Due to the large pathloss caused by long distance between BS and UE especially in FR2, this scenario should be restricted to FR1. Considering NR technology enhancement (accurate angle information provided by massive antenna arrays, wide bandwidth and etc.), positioning error caused by multipath and NLOS should be addressed effectively to meet accuracy requirement in this scenario. In addition, UMa scenarios for NR positioning should support a case of high speed UE such as 120km/h for high speed car or 350km/h for high speed train. We support UMa scenario in TR38.901 as typical NR positioning evaluation scenarios for FR1. For those parameters that are not clarified by the 38.901, e.g. antenna configurations, the parameters in 38.802 in FR1 could be used.
Urban Micro street canyon (UMi street canyon)scenario should also be a typical positioning scenario in NR. The scenario has smaller intersite distance (ISD) and is suitable for denser deployments such as dense business district where GNSS signal is not available. We assume all gNBs to be located outdoor and serve both outdoor UEs and indoor UEs. Although this scenario has higher LOS probability than UMa, positioning accuracy is still serious affected due to the complicated multipath and NLOS channel environment. This is an urgent problem to be solved in NR. We support UMi street canyon  in TR38.901 as one typical scenario for evaluation.  
Another important scenario is indoor scenario. Indoor scenario is main scenario in NR, especially above 6GHz. In this kind of scenarios, gNBs are all indoors which serve indoor UEs only. In addition, the large bandwidth (100MHz, 400MHz) and accurate beam angle information can lead to a big positioning accuracy gain. This scenario could contain indoor office, indoor mall, indoor factory or indoor parking area etc.  For example, some merchant need to know the exact location of UE to provide better service in the mall. The location of the UE needs to be accurate to a certain layer and a specific horizontal position at this layer. It is unnecessary to evaluate all indoor scenarios, and we just need to select a typical scenario for NR performance evaluation. We support indoor office scenario in TR38.901 for evaluation.   
 We did some simulations of NR positioning based on the three typical scenarios. The initial simulation results are presented in Appendix 1.
Proposal 1: 
· Support UMi street canyon and Indoor office in TR38.901 as typical NR positioning evaluation scenarios for both FR1 and FR2. 
· For those parameters that are not clarified by the 38.901, e.g. antenna configurations, the parameters in 38.802 could be used.
Proposal 2: 
· Support UMa scenario in TR38.901 as typical NR positioning evaluation scenarios for FR1.
· For those parameters that are not clarified by the 38.901, e.g. antenna configurations, the parameters in 38.802 in FR1 could be used.
Proposal 3: 
· Positioning of indoor UEs via indoor or outdoor gNBs in all typical scenarios should be considered as a key research for NR positioning.
3. Evaluation methodology
Positioning methods have been evaluated in LTE/LTE-A; it is proposed to refer the methodology (such as TR 37.857) in LTE/LTE-A for NR positioning study. The evaluation methodology consists of a combination of system-level simulation and link-level simulation. System-level simulation can provide important system data consisting of scenarios deployment, UE dropping model and positioning cell selection etc. which are necessary for link-level simulation to calculate UE position. While link-level simulation could generate positioning reference signal, modulate wireless channel and use specific algorithm to address RX signal. Finally, we could collect statistics of positioning accuracy. The scenarios and channel models presented in TR38.901 are preferred in system/link level simulations. But for those parameters (e.g. antenna configurations) that are not clarified by the TR38.901, the parameters in 38.802 in FR1 and FR2 could be used. 
Accuracy is the most important performance metric. The accuracy metrics of a positioning method should be measured by using the location accuracy in horizontal (longitude/latitude) and vertical (altitude) direction. CDF plots of the location accuracy with a given availability in terms of longitude/latitude and of altitude can be used for this purpose. 
Considering the operation in low and high frequency bands and utilization of massive antenna arrays of NR radio-technology, the evaluation methodology should support carrier frequency below and above 6GHz with bandwidth from 5MHz to 400MHz. In addition, beamforming based on massive antenna arrays should be also taken into account. Therefore CDL-based channel model defined in TS 38.901 should be supported in link-level simulation. 
Latency is another important metrics which is difficult to evaluation by SLS or LLS simulation. In RAN1 perspective, latency is related to the duration of positioning RS and UE processing period of measurement data. The duration of positioning RS is the OFDM symbol span occupied by RS. The longer the time span, the longer the UE measurement time.  UE processing period of measurement data is related to the number of measurements required by the UE to complete an accurate positioning, the number of participating cells’ positioning RS and the receiver processing performance.
Proposal 4: 
· The methodology (such as TR 37.857) in LTE/LTE-A could be a reference for NR positioning study.
Proposal 5: 
· Evaluation methodology should consider the operation in low and high frequency bands and utilization of massive antenna arrays of NR radio-technology .
· Consider the operation of carrier frequency below and above 6GHz with bandwidth from 5MHz to 400MHz.
· Consider the operation of  beamforming mechanisms based on massive antenna arrays. 
Proposal 6: 
· Support using channel models presented in TR38.901 for NR positioning system/link level simulations.
· Support CDL-based channel model in TR 38.901 for link-level simulation.
· For channel parameters that are not clarified by the TR38.901, the parameters in 38.802 could be used..
Considering the existing studies on positioning in LTE/LTE-A, positioning techniques based on OTDOA, UTDOA and E-CID had been mainly used 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 R-15. OTDOA was considered as baseline technique for previous positioning evaluation. This technology 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. Therefore RAN1 needs to study potential enhancement of NR OTDOA for better supporting positioning for both indoor and outdoor UEs. 
Proposal 7: 
· OTDOA is considered as baseline positioning method for the purpose of evaluation.
4. Conclusion
In this contribution, we discuss NR positioning scenarios and evaluation methodologies with the following proposals:
Proposal 1: 
· Support UMi street canyon and Indoor office in TR38.901 as typical NR positioning evaluation scenarios for both FR1 and FR2. 
· For those parameters that are not clarified by the 38.901, e.g. antenna configurations, the parameters in 38.802 could be used.
Proposal 2: 
· Support UMa scenario in TR38.901 as typical NR positioning evaluation scenarios for FR1.
· For those parameters that are not clarified by the 38.901, e.g. antenna configurations, the parameters in 38.802 in FR1 could be used.
Proposal 3: 
· Positioning of indoor UEs via indoor or outdoor gNBs in all typical scenarios should be considered as a key research for NR positioning.
Proposal 4: 
· The methodology (such as TR 37.857) in LTE/LTE-A could be a reference for NR positioning study.
Proposal 5: 
· Evaluation methodology should consider the operation in low and high frequency bands and utilization of massive antenna arrays of NR radio-technology .
· Consider the operation of carrier frequency below and above 6GHz with bandwidth from 5MHz to 400MHz.
· Consider the operation of  beamforming mechanisms based on massive antenna arrays. 
Proposal 6: 
· Support using channel models presented in TR38.901 for NR positioning system/link level simulations.
· Support CDL-based channel model in TR 38.901 for link-level simulation.
· For channel parameters that are not clarified by the TR38.901, the parameters in 38.802 could be used.
Proposal 7: 
· OTDOA is considered as baseline positioning method for the purpose of evaluation.
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Appendix 1
This section presents some initial simulations of 3 typical scenarios with 100% LOS probability and large bandwidth to obtain the baseline positioning accuracy. The positioning accuracy is demonstrated by the cumulative distribution function (cdf) curve. The simulation assumptions are in Table1. 

Table1 Simulation Assumptions
	Parameter 
	Value

	Scenario
	UMa /UMi street canyon/Indoor office from TR38.901

	PRS /measurement bandwidth
	100MHz for UMa
400MHz for UMi and Indoor office

	Carrier frequency
	4G for UMa,30G for UMi and Indoor office 

	Antenna configuration
	1 Tx,2Rx

	Antenna pattern
	In TR38.901 Table 7.3-1

	PRS periodicity
	160 slots

	Consecutive positioning slots of one occasion
	6 slots

	PRS muting 
	ON

	PRS Power Boosting
	10log6 dB 

	PDSCH transmission
	No PDSCH transmission in PRS transmission occasions

	PRS pattern
	Diagonal pattern in Fig.1

	LOS probability
	100%

	NLOS model
	T1P1 model

	Link-level channel model type
	CDL

	UE speed
	3km/h

	Network synchronization error
	Perfectly synchronized

	Sites number
	57 in UMa and UMi,12 in Indoor office

	Positioning sites number
	5

	UE number
	570 in UMa and UMi,120 in Indoor office





Fig.1 PRS pattern for simulation
The CDF curves and positioning error of 3 different scenarios are below. The values in Table2 are the positioning error in meters.
[image: ]
Fig.2 CDF of UMa positioning error with 100% LOS probability and 100MHz bandwidth
[image: ]
Fig.3 CDF of UMi positioning error with 100% LOS probability and 400MHz bandwidth
[image: ]
Fig.4 CDF of Indoor Office positioning error with 100% LOS probability and 400MHz bandwidth
Table2 OTDOA horizontal positioning error with 100% LOS probability (m)
	Scenarios
	40%
	50%
	70%
	80%
	90%

	UMa(100MHz)
	0.61
	0.71
	0.94
	1.12
	1.41

	UMi(400MHz)
	0.15
	0.18
	0.26
	0.32
	0.65

	Indoor office(400MHz)
	0.25
	0.31
	0.54
	0.71
	1.23



Appendix 2
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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