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1. [bookmark: _GoBack]Introduction
The NR positioning revised SID [1] states that the study should include an analysis of the requirements for NR positioning: 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.

In this contribution we provide our view on what requirements would be meaningful to the study. Moreover, there has been already an offline email discussion circulated by Intel [2], which contains a question on companies view on how to study the requirements in a most efficient way. We will address some observations and proposals in respect to those responses. This contribution will also cover the baseline positioning performance analysis of NR in fulfilling the horizontal accuracy of FCC regulatory requirements. 
2. [bookmark: _Ref178064866]Discussion
2.1 Regulation driven requirements
One of the most crucial requirements to address in this study item (SI) is the one that is mandated by the regulatory bodies (i.e. Federal Communication Commission (FCC) [3]) for the emergency call positioning. This requirement has been the main drive of positioning studies in 3GPP since Rel.9, while it has become more demanding in the last decade by being enhanced for indoor UEs and also vertical positioning accuracies. In order for the NR to have the basic support for positioning compared to LTE, we shall meet all the target requirements proposed by FCC e911 directive, i.e.:
The 5G System shall be able to provide positioning service with three-dimensional position accuracy and associated KPI targets, determined by regulatory agencies (e.g. FCC), as follows:
- Accuracy [< 50m] horizontal ([80%]), [< 3 m] vertical ([80%])
- Latency and TTFF [< 30 seconds] 
- Availability [> 95%]
- Environment of use: indoor and outdoor

NOTE 1: The aforementioned requirements are based on FCC benchmarks to be met around by 2020/2021. These may change in the future, as the ultimate goal of the regulatory agencies is to get to sufficient accuracy to determine ‘which door to knock on’ in an office or apartment building.
NOTE 2: The aforementioned requirements are meant throughout the 5G positioning service area.
NOTE 3: The vertical positioning requirement should be sufficiently accurate to determine the floor.

However, the mentioned targets were proposals which are not yet formally approved. For example, on vertical requirement, the current target is that operators have three years to present a metric in which vertical accuracy shall be assessed, however we can assume that it is likely that public safety players want stricter requirements as mentioned above. 
During the positioning SI in Rel. 13 [4], one of the derived conclusions was that to meet regulatory driven vertical positioning capability, either a RAT independent positioning solution such as barometric pressure sensor should be used, or a specific indoor deployment requiring dense network element in every floor is required. We believe similar observation can be assumed in NR, and while the positioning accuracy error can be derived in 3D, we can skip to study vertical positioning accuracy of indoor users based on the solutions with outdoor sites, and make sure that the previous conclusion derived in Rel.13 SI would be captured in the TR. Therefore, in this SI, the focus should be made on evaluating only the horizontal positioning accuracy of the solutions.
[bookmark: _Toc525939439][bookmark: _Toc525939564]Rel.13 SI observed the fact that to fulfill the floor-level vertical positioning, either a RAT-independent positioning solution such as barometric pressure sensor is required or a dense deployment of network elements at each floor is required.

[bookmark: _Toc525939571]Proposal 1 	Regulatory positioning accuracy requirements evaluated in this SID for indoor and outdoor UEs is a horizontal accuracy of at least 50m for at least 80% of the UEs.
The next requirement is the latency or the time to first fix (TTFF). In our understanding, RAN1 shall focus on the additional radio latency occasioned by the design of the positioning solution. This latency is caused by the reference signal design, the measurement duration and the delay due to reporting of the measurements.  Excluded from this latency is the protocol driven delays as well as the processing time of the positioning algorithm.
[bookmark: _Toc525939565] Latency is understood to only include positioning signal transmission time, positioning procedure durations and measurement durations. The delays are measured from the air interface point of view (i.e. between the base station and the UE).

[bookmark: _Toc525939572]Proposal 2 	The latency considered in RAN1 encompasses the positioning signal transmission time, positioning procedure durations and measurement durations.  

Regarding capacity and coverage, we believe that the requirement on availability is more appropriate for the purpose of positioning. Moreover, the positioning solution which satisfies the accuracy and latency regulatory requirements shall have 95% availability as mentioned in the previous table. This means that in the system level simulation at least 95% of the UEs would be positioned. For example, in the OTDOA method, 95% of the UEs will have more than 3 links for TOA estimations and multilateration. As mentioned previously, both indoor and outdoor UEs shall be fully studied.

[bookmark: _Toc525939573]Proposal 3 	The availability in indoor and outdoor environment conditions should be all studied and compared against the 95% availability the regulatory requirements. 

As the intention is to fulfill the requirements, there is always a chance to combine two or more positioning solutions. For example, OTDOA can be combined with CID and E-CID methods to provide 100% availability. Therefore, we can ensure availability by having minimum coverage.
In section 3 of this paper, we will present some basic performance analysis mainly with assumptions used in Rel.13 and updates in respect to NR to check the capability of NR in fulfilling the regulatory requirements.
2.2 Application-driven performance requirements 
According to the 3GPP TS 22.261, the 3GPP system shall support higher accuracy location capability of 0.5 m and regulatory requirements. The 3GPP system shall support location estimation of UE in 500 msec. These are quite challenging design targets that need to be further assessed and taken into account in system design.
According to 3GPP TR 22.804, it also presents 5G communication for automation in vertical domains. This is communication that is involved in the production of and working on work pieces and goods, and/or the delivery of services in the physical world. Such communication often necessitates low latency, high reliability, and high communication service availability.
Recently, SA1 WG has completed its HYPOS study (SP-170589) on positioning use cases in indoor and outdoor environments. The 3GPP TR 22.872 complements existing work on 5G use cases involving positioning needs in order to identify potential requirements for 5G positioning services. The document further develops the identified use cases by providing some considerations on the suitability of positioning technologies to these use cases.
Due to the large range of commercial use-cases that are now considered for 5G, we believe the current first SI on NR positioning cannot target all these requirements, use-cases and targets. On the other hand, the SI would target several different scenarios in which two of them mainly target these commercial use-cases. As the positioning accuracy is very much dependent of the scenario assumptions and parameters such as inter-site-distance (ISD), we suggest that the capabilities of each solution in respect of positioning accuracy and other requirements such as latency, would be an outcome of this SI, and not necessarily an item which shall be agreed at the beginning.  
[bookmark: _Toc525939566]There are many different positioning requirement targets addressed by SA1 depending on different use-cases and vertical industries.
[bookmark: _Toc525939574]Proposal 4 	The positioning accuracy and other requirement capabilities for each proposed positioning solution shall be studied as an outcome of the SI with respect to the scenario assumptions considered in the SI.

Capacity for positioning is driven by upper layers.  From the RAN1/radio perspective, the positioning signals are not UE specific and thus the user capacity is not limited. In addition, a positioning reference signal with an exclusive subframe (as in PRS for LTE) do have an impact on the data capacity.  Such impact may be mentioned in the design but should not be a requirement. 
[bookmark: _Toc525939567]	Impact of positioning on network capacity is not a suitable requirement.

3. Baseline evaluation results on fulfilling regulatory requirements 
3.1 Positioning capability evaluation of OTDOA 
In this section we provide simulation results showing the positioning capability of the OTDOA based positioning solution. The deployment scenarios are considered from [5]. For concise representation, the simulations are done for:
a. Macro deployment with and without small cells.
i. Case I: 100% UEs are outdoor and are served by outdoor macro cells only.
ii. Case II: 100% UEs are indoor and are served by outdoor macro cells only.
iii. Case III: 80% UEs are indoor and are served by macro + 4 small outdoor cells.
iv. Case IV: Positioning accuracy when a network synchronization error of 100 nsec following a truncated Gaussian distribution, as proposed in [5], is imposed.
b. Urban micro-street canyon deployment.
c. Indoor open office deployment.

3.1.1 Macro deployment with and without small cells
The simulation result for macro deployment with and without small cells is shown in Fig. 1 and tabulated in tables 1,2,3 and 4.
Table 1: Positioning accuracy of OTDOA (macro only) when 100% UEs are outdoor.
	Positioning occasions
	95%
	90%
	80%
	50%

	1 Occasion
	91.8 m
	56 m
	36.5 m
	16 m

	8 Occasions
	41.71 m
	28 m
	16 m
	6 m



		[image: ]
Fig. 1: OTDOA based positioning evaluation in FR1 in a macro deployment. The red dotted lines denote the regulatory requirement in positioning accuracy.
Table 2: Positioning accuracy of OTDOA (macro only) when 100% UEs are indoor.
	Positioning occasions
	95%
	90%
	80%
	50%

	1 Occasion
	102.7 m
	66.5 m
	43 m
	20 m

	8 Occasions
	74 m
	49.5 m
	30 m
	13 m



Table 3: Positioning accuracy of OTDOA (7 sites: 1 macro + 4 small cells in each site) when 80% UEs are indoor.
	Positioning Occasions
	95%
	90%
	80%
	50%

	8 Occasions
	37.17 m
	26.6 m
	17.2 m
	8.2 m



Table 4: Positioning accuracy of OTDOA (macro only) with network synchronization error (100 nsec).
	UE Location
	95%
	90%
	80%
	50%

	100% Indoor
	108 m
	68.8 m
	47 m
	26 m

	100% Outdoor
	86.8 m
	64.1 m
	42 m
	21 m



3.1.2 Urban micro-street canyon
The simulation result for street canyon deployment is shown in Fig. 2 and tabulated in table 5.
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Fig. 2: OTDOA based positioning evaluation in FR1 in an urban micro-street canyon deployment. The red dotted lines denote the regulatory requirement in positioning accuracy.

Table 5: Positioning accuracy of OTDOA (urban micro-street canyon).
	Positioning Occasions
	95%
	90%
	80%
	50%

	1 Occasion, 0 nsec
	89.6 m
	33.8 m
	12.8 m
	4.7 m

	8 Occasion, 0 nsec
	72 m
	13.5 m
	5.8 m
	1.8 m

	1 Occasion, 100 nsec
	94.7 m
	58.5 m
	32.5 m
	16.3 m



3.1.3 Indoor open office scenario
The simulation result for indoor open office deployment is shown in Fig. 3 and tabulated in table 6.
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Fig. 3: OTDOA based positioning evaluation in FR2 in an indoor open office deployment.
Table 6: Positioning accuracy of OTDOA in an indoor open office deployment.
	Positioning Occasions
	95%
	90%
	80%
	50%

	1 Occasion, 0 nsec
	8.7 m
	6.5 m
	4 m
	1.5 m

	8 Occasion, 0 nsec
	8.3 m
	6.2 m
	3.9 m
	1.4 m

	1 Occasion, 10 nsec
	8.9 m
	6.6 m
	4.8 m
	2.2 m



[bookmark: _Toc525939568][bookmark: _Hlk525647004]	OTDOA provides regulatory required positioning capability in all considered scenarios.
[bookmark: _Toc525939569]An enhanced positioning accuracy is achieved when small cells are deployed in conjunction with the macro cells in an urban deployment.
[bookmark: _Toc525939570]An accuracy of 3.9 m is observed, for 80% of the UEs, in an indoor open office deployment with OTDOA based positioning.

4. Conclusions
 In the previous sections we made the following observations: 
Observation 1	Rel.13 SI observed the fact that to fulfill the floor-level vertical positioning, either a RAT-independent positioning solution such as barometric pressure sensor is required or a dense deployment of network elements at each floor is required.
Observation 2	Latency is understood to only include positioning signal transmission time, positioning procedure durations and measurement durations. The delays are measured from the air interface point of view (i.e. between the base station and the UE).
Observation 3	There are many different positioning requirement targets addressed by SA1 depending on different use-cases and vertical industries.
Observation 4	Impact of positioning on network capacity is not a suitable requirement.
Observation 5	OTDOA provides regulatory required positioning capability in all considered scenarios.
Observation 6	An enhanced positioning accuracy is achieved when small cells are deployed in conjunction with the macro cells in an urban deployment.
Observation 7	An accuracy of 3.9 m is observed, for 80% of the UEs, in an indoor open office deployment with OTDOA based positioning.
Based on the discussion in the previous sections we propose the following:
Proposal 1 	Regulatory positioning accuracy requirements evaluated in this SID for indoor and outdoor UEs is a horizontal accuracy of at least 50m for at least 80% of the UEs.
Proposal 2 	The latency considered in RAN1 encompasses the positioning signal transmission time, positioning procedure durations and measurement durations.
Proposal 3 	The availability in indoor and outdoor environment conditions should be all studied and compared against the 95% availability the regulatory requirements.
Proposal 4 	The positioning accuracy and other requirement capabilities for each proposed positioning solution shall be studied as an outcome of the SI with respect to the scenario assumptions considered in the SI.
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