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1	Introduction
In the RAN#72 some high level requirements on positioning has been agreed for inclusion in the TR 38.913 [1]. Additional requirements have been proposed in [2], for which RAN2#72 agreed to have an email discussion as per:
[RAN#72-05] NR positioning requirement (Intel)
- Finalize text proposal for TR 38.913 (RP-160925)
This paper shows companies views on this subject and a proposed text for the inclusion in the TR 38.913 [1].
2		Questions
	Question 1: What horizontal location accuracy (e.g. less than 1 meter) NR shall support?

	Company
	Response

	Deutsche Telekom
	30cm (indoor + outdoor), absolute (not to a nearby reference)

	Fraunhofer IIS
	Less than [1 meter] as a general baseline requirement in the complete coverage area; improved accuracy requirement of [20 cm] in special deployment scenarios, e.g.in more dense deployments like indoors or in special targeted coverage areas like roads for V2X
Remark: different requirements might apply for certain modes of NR, e.g. mMTC

	Intel Corporation
	Sub 1m. Agree with Fraunhofer that different modes may have different requirements. Perhaps we should specify the requirement as “sub 1m” and task RAN1 to study what is feasible and/or required for different modes.

	Huawei
	Need to support various horizontal location accuracy levels corresponding to different use cases

	Ericsson
	The horizontal positioning accuracy depends on the deployment and the radio environment. Therefore, the RAN requirements should aim at measurement requirements enabling a certain positioning accuracy in selected scenarios. Given the large variety of use cases, it is important to support a range of positioning accuracies. Measurement requirements enabling a horizontal accuracy of 1m shall be supported by NR. Sub-meter accuracy support is also relevant in selected use cases.

	NextNav
	The NR positioning framework should support a range of horizontal accuracies. Note: Location accuracy also needs to be viewed as a statistical distribution of accuracies (80%, 90%, etc.), as studied in TR 37.857.

	Qualcomm
	There are many use cases and levels of desired/acceptable accuracy. General preference is not to define one single target, but consider several classes of location accuracy

	SONY
	The horizontal location accuracy levels should vary and it depends on the targeted use-cases. Sub 1m requirement can be targeted for some use-cases.

	Question 2: What vertical location accuracy (e.g. less than 1 meter) NR shall support?

	Company
	Response

	Deutsche Telekom
	1m (indoor + outdoor), absolute (not to a nearby reference)

	Fraunhofer IIS
	Less than [3 meter] as a general baseline requirement in the complete coverage area;
improved accuracy requirement of [1 m] in special deployment scenarios (example applicaton: precise UAV navigation).
Optional requirement definition: Support of reliable floor distinction in indoor scenarios (example application: firefighter guided towards person to be rescued on the right floor) Remark: different requirements might apply for certain modes of NR, e.g. mMTC

	Intel Corporation
	Agree with DT on 1m accuracy. Perhaps “floor level” information should also be considered.

	Huawei
	Need to support various vertical location accuracy levels corresponding to different use cases

	Ericsson
	The vertical positioning accuracy depends on the deployment and the radio environment. Therefore, the RAN requirements should aim at measurement requirements enabling a certain positioning accuracy in selected scenarios. Given the large variety of use cases, it is important to support a range of positioning accuracies. Measurement requirements enabling a vertical accuracy of 1m shall be supported by NR. Sub-meter accuracy support is also relevant in selected use cases.

	NextNav
	The NR positioning framework should support a range of vertical accuracies. Note: Location accuracy also needs to be viewed as a statistical distribution of accuracies (80%, 90%, etc.), as studied in TR 37.857.

	Qualcomm
	Similar comment as for horizontal location accuracy applies here.
In addition, since vertical location is not always needed (e.g. when locating a user who is at ground level), vertical location may not apply for all accuracy classes.

	SONY
	The vertical location accuracy levels should vary and it depends on the targeted use-cases. Sub 1m requirement can be targeted for some use-cases.

	Question 3: What location precision (e.g. 90% of occasions) NR shall support?

	Company
	Response

	Deutsche Telekom
	95% (indoor + outdoor)

	Fraunhofer IIS
	Configurable precision is desirable. 
Example: Autonomous driving requires high reliability whereas wearables for fitness applications don’t

	Intel Corporation
	Agree with DT on 95% precision.

	Huawei
	Need to support various location precision levels corresponding to different use cases

	Ericsson
	The positioning accuracy percentiles/distribution mainly depends on the considered deployment, and it is necessary to jointly design the deployment and configure the position signals and procedures to reach a certain precision. The anticipated flexibility of NR means that this is very scenario specific. However, when comparing position solutions, it is relevant to consider comparisons as in the Rel-13 SI on indoor positioning enhancements, see TR 37.857.

	NextNav
	Agree with Fraunhofer that the NR positioning framework should enable high reliability (yield), consistency (in the statistical distribution of accuracies), and configurable precision.  This is dependent upon application requirements.

	Qualcomm
	Similar comment as above: different use cases and levels of desired/acceptable accuracy should be considered

	SONY
	It depends on the use cases. In general we can target 90% of occasions.

	Question 4: Which additional requirements for NR positioning shall be considered (e.g. latency – “time to first fix” and refresh rate, etc)?

	Company
	Response

	Deutsche Telekom
	The 5G NR system should provide means to enable a below [5s] initial “time to first fix”, and a below [50ms] subsequent time to fix.
The above requirements on accuracy and precision shall be supported for UE speed up to 250 km/h

	Fraunhofer IIS
	The 5G NR positioning framework should be highly configurable to support broad requirements  w.r.t. “time to first fix” , latency of positioning result , accuracy, refresh rate and supported speed [250 km/h relative to ground].
The 5G NR system should be able to adaptively adjust above performance figures to special deployments, service priority, and application scenarios (e.g. V2X scenario, emergency call). It shall be possible to adaptively achieve lower latency and higher update rate in tradeoff to other parameters (e.g. increase in the amount of needed resources). Refresh rates shall be scalable to up to [200 Hz] (200 Hz refresh rate equals a 35 cm displacement at 250 km/h)
Remark: different requirements might apply for special modes of NR, e.g. mMTC

	Intel Corporation
	Agree with DT on 5s “time to first fix” requirement, but perhaps we should also consider lower “time to subsequent fix”, at least for some verticals (e.g. V2X).
NOTE to Fraunhofer: I believe here we are discussing the requirements, I think it is understood that the network should have the capability to request positioning reporting with configurable periodicity. 

	Huawei
	Cost and battery consumption should be considered in the design of NR positioning

	Ericsson
	Different use cases will have different requirements in positioning and it is therefore important to support a variety of time to fix, update rate, response times etc. which also may require some reconsideration of the positioning architecture.

	NextNav
	Generally, the NR positioning framework should enable, and improve upon existing positioning techniques and protocols, such as RAT-dependent (Cell-Id, OTDOA) and RAT-independent (GNSS, Bluetooth, WLAN, TBS, Sensors).
The 5G NR positioning framework should provide a means to enable below 5 sec. “time to first fix” and lower time to subsequent fix.
The 5G NR positioning framework should also enable improvements to other metrics, e.g. high yield/success rate (as studied in TR 37.857).

	Qualcomm
	Makes sense to consider also different latency use cases and requirements

	SONY
	Different use cases could have different and unique requirements. The requirements should not be always needed for each use cases. Refresh rate, UE power consumption can also be considered.

	Question 5: Which RAT-dependant location methods shall be considered for the NR study?

	Company
	Response

	Deutsche Telekom
	We are open to technical solutions, but new positioning technologies taking into account the possibilities of high bandwidth, massive antenna systems, new architectures etc. should be studied.
The above requirements on accuracy and precision shall be supported inherently by the 5G system.

	Fraunhofer IIS
	Fraunhofer IIS shares the view of Deutsche Telekom. Especially, localization within heterogeneous networks (dense networks, distributed antennas and meshed topologies like swarms of 3GPP devices using D2D positioning) shall be taken into account.

	Intel Corporation
	Agree with DT and Fraunhofer, perhaps we should also consider V2X use cases.

	Huawei
	Any method can be proposed for the study, this is not relevant to the requirements.
However, some useful guidelines for the study could be highlighted:
1.	Dynamic resources allocation: Allow dynamic positioning resources allocation for different positioning user cases/ accuracy requirements.
2.	Communication and positioning integration: integrate communication and positioning design as a whole, e.g. positioning signals could also be reused for communication purposes, and vice versa.
3.	Enable hybrid positioning and enable integration of other non-NR signal based positioning.

	Ericsson
	DL TDOA, UL TDOA, ranging are the most obvious ones, and were also the ones discussed when NB-IoT positioning discussion were initiated in the Rel-14 WI.

	NextNav
	No additional comments.

	Qualcomm
	Few examples are listed in the TR already. The study should be open to investigate support/enhancements of existing methods (e.g. OTDOA, UTDOA), as well as looking at new proposals.

	SONY
	During NR study, we can start by considering the enhancement of the existing RAT dependent techniques (e.g OTDOA and UTDOA) and also consider the new NR radio features (Massive MIMO, mmWave, deployment of massive devices, etc).

	Question 6: Which RAT-independent positioning methods shall be considered in the NR study?

	Company
	Response

	Deutsche Telekom
	The 5G NR system shall enable an efficient provisioning of assistance and correction data via Multicast or Broadcast capabilities of the 5G system. The starting point should be based on SIB blocks for data provisioning like used in legacy systems. 
Positioning assistance and correction data should be protected (ciphered, integrity protected) with appropriate security means (not necessarily on the access stratum). 

	Fraunhofer IIS
	Fraunhofer shares the view of Deutsche Telekom. In addition, we propose to require the 5G NR system to support the in-principle idea of sensor fusion (possibly including motion models for e.g. V2X, pedestrian, drones) to make most of diverse and heterogeneous sensor data for an improved positioning result.
The concept of supporting different RAT-independent positioning methods should be generic as methods currently in place might disappear while others might appear (e.g. see IEEE 802.11 TGaz working on NGP Next Generation Positioning).

	Intel Corporation
	We are OK with suggestions from DT and Fraunhofer, additionally we propose to consider at least the following RAT-independent methods used today: GNSS, WLAN.

	Huawei
	Any method can be proposed for the study, this is not relevant to the requirements.

	Ericsson
	In the recent Rel-13 SI on indoor positioning enhancements, simulation studies of RAT-independent methods was never conducted as seen in the TR, due to the fact that modelling was considered out of RAN scope.

	NextNav
	As stated above, the NR positioning framework should enable, and improve upon existing positioning techniques and protocols, including support for methods such as GNSS, Bluetooth, WLAN, TBS, and Sensors.
In Release 13, TR 37.857 has studied these techniques, and other techniques can be considered.  To address the Ericsson comment, simulations were done for TBS, but were not done for WLAN, Bluetooth or Sensors.

	Qualcomm
	Study should be open.
We would expect to see existing RAT-independent methods continued for NR – e.g. A-GNSS – due to their proven track record.
The idea of using Multicast or Broadcast, as mentioned above, looks interesting, e.g. broadcast of assistance data (with or without ciphering) which can be much more efficient for a highly populated area (e.g. inner city, high rise, sports stadium, shopping mall).

	SONY
	During NR study, we should open and not preclude any RAT-independent positioning methods.

	Question 7: Any additional comments?

	Company
	Response

	Deutsche Telekom
	Device Complexity:
· Depending on the device category the complexity might limit the requirements stated above

Network Complexity:
· For network based schemes the network complexity should be minimised

Terminal Battery consumption:
· The device power consumption shall be taken into account, when designing a solution
· Battery consumptions shall adapt to use case specifics, like specific mobility ranging from stationary to highly mobile, amount of positioning requests per time interval, etc.

Signalling efficiency:
· The signalling efficiency on the air interface as well as in the network shall be taken into account, when designing a solution


	Fraunhofer IIS
	No additional remarks

	Intel Corporation
	In line with comments from DT, perhaps we should consider not having so many different options (positioning methods and signalling options) as we do today.

	Ericsson
	In order to enable support for a large variety of use cases, it is important to support heterogeneous positioning procedures as a mix of dedicated signals and broadcast signals, a mix of different response times and different signals and procedures. It should also be possible for the operator to control the access to positioning signals, and to diversify the availability of positioning signals to different user categories and use cases.
Ericsson also had a positioning requirements contribution in the spring, http://www.3gpp.org/ftp/TSG_RAN/WG1_RL1/TSGR1_84b/Docs/R1-163218.zip. 

	Qualcomm
	Other criteria worthy of consideration include:
•	Scalability (ability to support very large numbers of UEs and areas with a very high density of UEs)
•	Security (ensure that UE locations can be kept private)
•	Availability (location to be available in as many environments as possible)
You can refer to further considerations/ideas in our RAN1 contributions (e.g. R1-164714, R1-168088).

	SONY
	In line with comments from DT. We can also identify some/selected use-cases and defines its requirements.



3	Summary 

8 companies participated in the email discussion and provided their views on 7 questions asked. The text below summarizes the response for every question, followed by a TP in the following section based on comments received. 
Question 1: What horizontal location accuracy (e.g. less than 1 meter) NR shall support?
On the first question on horizontal location accuracy, most companies are in agreement that different deployment scenarios/use cases/verticals need to have different horizontal location accuracy requirements. Additionally, companies that did provide numerical requirements agree that in general NR shall support below 1m horizontal location accuracy, with some scenarios/use cases/verticals requiring better accuracy (e.g. 30cm or 20cm). 
Based on the above, it is proposed:
Proposal 1a: to agree on below 1m horizontal location accuracy as a general baseline requirement at least for some NR use cases.
Proposal 1b: to agree that different horizontal location accuracy requirements have to be defined for different NR use cases.
Proposal 1c: to task RAN1 to study and define better than 1m horizontal location accuracy requirements for certain use cases.
---------------------------------------------------------------------------------------------------------------------------
Question 2: What vertical location accuracy (e.g. less than 1 meter) NR shall support?
On the second question on vertical location accuracy, similarly to the horizontal location accuracy requirements, most companies agree that different use cases need different accuracy requirements. Companies that did provide numerical accuracy requirements seem to agree on 1m general baseline requirement, with some scenarios/use cases/verticals requiring better accuracy. Additionally, some companies indicated that floor number information may also need to be supported.
Based on the above it is proposed:
Proposal 2a: to agree on 1m vertical location accuracy as a general baseline requirement at least for some NR use cases.
Proposal 2b: to agree on floor distinction requirement for the indoors use case.
Proposal 2c: to agree that different vertical location accuracy requirements have to be defined for different NR use cases.
Proposal 2d: to task RAN1 to study and define better than 1m vertical location accuracy requirements for certain use cases.
---------------------------------------------------------------------------------------------------------------------------
Question 3: What location precision (e.g. 90% of occasions) NR shall support?
On the third question on location precision, most companies think that various location precision levels corresponding to different NR use cases shall be supported. Few companies provided numerical requirements, ranging from 90% to 95%. 
Based on the above, it is proposed:
Proposal 3a: to task RAN1 to study and define location procession levels for different NR use cases.
---------------------------------------------------------------------------------------------------------------------------
Question 4: Which additional requirements for NR positioning shall be considered (e.g. latency – “time to first fix” and refresh rate, etc)?
On the forth question, different additional requirements have been proposed, specifically: latency (“time to first fix” and refresh rate), supported UE speed, UE power consumption and cost. Companies that did provide numerical requirements seem to agree on 5s “time to first fix” requirement and lower “subsequent time to fix”/update rate/refresh rate and 250km/h UE speed.
Based on the above, it is proposed:
Proposal 4a: to agree on 5s “time to first fix” requirement and below 5s refresh rate at least for some use cases.
Proposal 4b: to agree that NR positioning shall support 250km/h UE speed at least for some use cases.
Proposal 4c: to agree that NR positioning solutions shall minimize UE cost and power consumption.
---------------------------------------------------------------------------------------------------------------------------
Question 5: Which RAT-dependent location methods shall be considered for the NR study?
On the fifth question on RAT-dependent methods, most companies are open to consider all methods, with DL TDOA, UL TDOA and ranging used as a baseline. Companies also seem to agree that high bandwidth, massive antenna systems, network architecture (e.g. heterogeneous networks) and deployment of massive number of devices shall be exploited. Additional suggestions include: D2D positioning, dynamic resources allocation, communication and positioning integration, hybrid positioning methods. 
Based on the above, it is proposed:
Proposal 5a: NR positioning shall exploit high bandwidth, massive antenna systems, network architecture (e.g. heterogeneous networks) and deployment of massive number of devices.
Proposal 5b: All positioning methods can be studied for NR, with DL TDOA, UL TDOA and ranging used as a baseline.
Proposal 5c: NR shall support D2D positioning.
Proposal 5d: NR positioning may support dynamic resources allocation, communication and positioning integration and hybrid positioning methods.
---------------------------------------------------------------------------------------------------------------------------
Question 6: Which RAT-independent positioning methods shall be considered in the NR study?
On the sixth question on RAN-independent positioning, most companies agree that the study shall be open to all positioning methods, including RAN-independent methods used today, i.e.: GNSS, Bluetooth, WLAN, TBS, and Sensors. Additionally, the idea of using Multicast or Broadcast for assistance data and appropriate security measure seem to have support. 
Based on the above, it is proposed:
Proposal 6a: NR positioning study shall consider all RAT-independent methods, including GNSS, Bluetooth, WLAN, TBS, and Sensors.
Proposal 6b: provisioning of assistance and correction data via Multicast or Broadcast should be considered.
---------------------------------------------------------------------------------------------------------------------------
Question 7: Any additional comments?
On the seventh questions, the following additional requirements have been proposed: different device categories may need different requirements, network complexity should be minimized, device power consumption shall be taken into account, signalling efficiency on the air interface as well as in the network shall be taken into account, number of positioning methods should be reduced, support for heterogeneous positioning procedures as a mix of dedicated signals and broadcast signals, scalability (support for large number of UEs), security and availability.
Based on the above, it is proposed:
Proposal 7a: NR positioning study shall address the following additional requirements: different device categories may need different requirements, network complexity should be minimized, device power consumption shall be taken into account, signalling efficiency on the air interface as well as in the network shall be taken into account, number of positioning methods should be reduced, support for heterogeneous positioning procedures as a mix of dedicated signals and broadcast signals, scalability (support for large number of UEs), security and availability.

NOTE: Unfortunately, the email discussed failed to reach a consensus on the TP below, which is therefore proposed to serve as a starting point for further discussions.

4	Text Proposal for TR 38.913
[bookmark: _Toc454785914][bookmark: _Toc454786210]9.2	Location/Positioning Service
[bookmark: _Toc454785915]The NR should enable, and improve if suitable, state-of-art positioning techniques, such as RAN-embedded (Cell-Id, E-CellID, OTDOA, UTDOA, etc.) and RAN-external (GNSS, Bluetooth, WiFi, terrestrial beacons, sensors, etc…).
The NR positioning shall exploit high bandwidth, massive antenna systems, network architecture/ functionalities (e.g. heterogeneous networks, MBMS) and deployment of massive number of devices.
Additional NR positioning requirements include:
1. Support for different accuracy levels, latency levels and device categories
2. Support [1m] horizontal and vertical accuracy in [90%] of occasions
3. Reduced network complexity
3. Reduced device cost
4. Reduced device power consumption
5. Efficient signalling over the air interface and in the network
6. Support for hybrid positioning methods
7. Scalability (support for large number of devices)
8. High security
9. High availability
10. UE speed of [250] km/h
[bookmark: _GoBack]
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