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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]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 requirements and performance metrics are discussed in this contribution. 
2. Considerations on requirements
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 develop new requirements at the initial stage for NR positioning study.
According to SID objective, RAN1 is expected to select the requirements for regulatory and commercial use cases (identify requirements such as accuracy, latency, capacity, coverage, and etc.) Moreover, SA1 WG has completed its HYPOS study on positioning use cases in indoor and outdoor environments and the positioning requirements has been proposed in SA#83 meeting [2][3] recently. Therefore, RAN1 needs to study reasonable requirements considering regulatory/commercial use cases, SA1 requirements and existing physical layer technologies.
 From offline email discussion, some consideration points for NR positioning requirements are listed below:
a) Reuse SA requirements but at what extent (e.g. subset of 5G_HYPOS requirements as a tentative targets)
b) Take input from contributions (e.g. operators) and formulate RAN1 target performance requirements
c) Consider the emergency call regulatory requirement while keeping the commercial use-case requirements as an output of the evaluation/study rather than input
d) Consider meeting the regulatory requirements as the minimum target requirements while using the commercial use-case requirements as additional input for the evaluation/study
From our point of view, performance targets corresponding to regulatory use cases should be considered as target that needs to be satisfied, while the commercial use-case requirements should be also considered. But option c) and option d) seems to be two extremes that may not be appropriate for all cases. In our understanding, option a) plus regulatory requirements seems to be a better choice.  For the part of option a), different requirements may even be selected for different scenarios. For those important scenarios that NR system is focusing (e.g. indoor scenarios) on, the stringent requirement from SA1 for commercial use case may be selected. For some other scenarios (e.g. RMa, or even UMa), the basic requirement of regulatory may be enough. There is no need to satisfy all requirement of commercial use-case for all scenarios.
Proposal 1: 
· For different NR positioning scenarios, support different requirements which are selected from SA1 requirement and regulatory requirements.
Proposal 2: 
· Support performance targets corresponding to regulatory use cases being the baseline target for all use cases in NR system.
Proposal 3: 
· Support selecting stringent requirement from SA1 for important commercial use cases NR is focusing, e.g. InH and UMi scenarios. 
3. Considerations on performance metrics
SA1 has already given some metrics, including horizontal/vertical accuracy, availability, latency, heading, velocity(with 3D direction), energy consumption, update rate and TTFF. 
Besides the metrics from SA1, there may be some other metrics from system design perspective for NR positioning to consider, like system overhead (or system efficiency), configuration flexibility etc.
Our understanding is that there are several different kinds of metrics
· Metrics that are not focus related to RAN, e.g., those metrics may include TTFF, update rate, heading;
· Metrics that are focus of RAN but could not be evaluated only by RAN1,  e.g., those metrics may include latency, availability, vertical accuracy, energy consumption;
· Metrics that are focus of RAN and could be directly evaluated by RAN1, e.g., those metrics may include horizontal/vertical accuracy, system overhead, configuration flexibility;
For different kinds of metrics, we may have different ways to handle. For those metrics that are not focus of RAN, they may not be part of the SI output. For those metrics that are focus of RAN but could not be directly evaluated by RAN1, there may be different ways. One way is to sending LS to other WG to jointly evaluate. Another way is to make simplified assumptions in RAN1 for the aspects related to other WG. For those metrics that are focus of RAN and could be directly evaluated by RAN1, they should obviously be evaluated and compared between different designs.
For those metrics that could not be evaluated directly by RAN1 and are focus of RAN, they should have equal importance as those that could be evaluated directly by RAN1. They should at least be viewed as aspects that need to be considered for system design before proper evaluation could be conducted.
Accuracy is the most important metrics which can directly evaluated by RAN1. The accuracy metrics of a positioning method should be measured by using the location accuracy in horizontal (longitude/latitude) and vertical (altitude) direction. Besides horizontal positioning metric, the vertical positioning metric is also important in some cases such as determining the floor for high-building or distinguishing viaduct for cars or trains. Moreover, NR beam mechanism maybe provide additional enhancement for vertical positioning. Therefore, we think it is also important to study methodologies to address vertical positioning metric.  
Proposal 4: 
· NR positioning techniques should focus on at least the following metrics:
· Horizontal/vertical accuracy,
· System overhead,
· Configuration flexibility
· Latency
· Energy consumption
· Availability
4. Conclusion
In this contribution, we discuss NR positioning requirements and performance metrics with the following proposals:
Proposal 1: 
· For different NR positioning scenarios, support different requirements which are selected from SA1 requirement and regulatory requirements.
Proposal 2: 
· Support performance targets corresponding to regulatory use cases being the baseline target for all use cases in NR system.
Proposal 3: 
· Support stringent requirement from SA1 for important commercial use cases NR is focusing on, e.g. InH and UMi scenarios. 
Proposal 4: 
· NR positioning techniques should focus on at least the following metrics:
· Horizontal/vertical accuracy,
· System overhead,
· Configuration flexibility
· Latency
· Energy consumption
· Availability
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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.


