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1. 	Introduction
As agreed at RAN#84 [1], the objective of this document is to collect companies’ views on NR positioning enhancements for Rel-17. The ultimate goal of this discussion is an agreement on the scope for a potential Work (and/or Study) Item for NR Positioning Enhancements in Rel-17.
The items identified in [1] comprise:
· [Positioning_enh] (moderator: Qualcomm)
· Factory/campus positioning, IoT, V2X positioning, 3D positioning, cm level accuracy, incl latency and reliability improvements
· NR-U positioning aspects
· Idle and inactive
The items can generally be divided into three main categories:
1. General enhancements to the Rel-16 NR positioning features, including (but not limited to):
a. 3D positioning (in particular vertical (height) positioning improvements);
b. High accuracy positioning (cm-level);
c. Low latency positioning;
d. Positioning in RRC Idle/Inactive states.
2. Extension of positioning support to new areas and specific use cases, including (but not limited to):
a. V2X positioning;
b. NR-U positioning aspects;
c. (Industrial-) IoT positioning aspects.
NOTE 1:	Positioning support specifically for Non-Terrestrial Networks (NTN) are discussed in the NTN email discussion [1] ("[Non_Terrestrial_Networks] (moderator: Thales)").
NOTE 2:	Aspects listed under item 1 above (e.g., high accuracy positioning, etc.) may also apply to items listed under 2.
3. RAN external positioning enhancements (e.g., GNSS enhancements); "RAT-Independent" positioning.

The email discussion was divided in two phases:

· Phase 1: Collection of company inputs. 
Companies were invited to provide their view on potential work areas and objectives for NR Positioning in Rel‑17. This includes a brief description of each objective, the motivation and justification (incl. the requirements/use cases being supported), and an identification of whether for study initially.

The Phase 1 input can be fount in section 2. 

· Phase 2: Stabilization and prioritization of work areas and objectives.
After the deadline for Phase 1, the moderator summarized the work areas and potential objectives from the individual companies. Work areas and objectives proposed by different companies which are overlapping were combined, with any distinct variants also described. Companies were then invited to comment on these work areas and objectives (and variants) and provide their view on e.g. the priority for Rel-17, etc. 

The  material for the Phase 2 discussion can befound in sections 3-10 (beginning at page 48).
Companies were requested to provide feedback on the summary and candidate objectives, in particular on the considered priority for Rel-17. The feedback can be found in sections 3-10.  
· Summary:

The summary of companies’ priorities is provided in section 11.
A Way Forward is proposed in section 12.
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2. 	Collection of company input
Companies are invited to provide input on the following categories:
· Positioning Requirements and Use Cases.
· General NR Positioning Enhancements.
· Additional Technical Areas and Use Cases (e.g., compared to the general scope of the NR Positioning Rel-16 SI); incl. RAT-independent positioning aspects.
· Scenarios and Evaluation Methodology.
· Other topics and areas.

2.1	Positioning requirements and use cases
During the NR Rel-16 Positioning Study Item [4] a set of positioning requirements were identified for regulatory and commercial use-cases.
The service requirements for the 5G system are specified in [3], including positioning services requirements and high accuracy positioning requirements. The positioning services requirements (i.e., positioning accuracies better than 10 metre) were essentially the performance tagets for Rel-16 NR positioning methods [4]. 
Companies are invited to provide their views on the use cases and associated performance targets for NR positioning in Rel-17. Example performance indicators and attributes for positioning use cases may include position accuracy (2D/3D), latency, scalability, reliability, UE and network complexity, etc.  Performance targets may be listed per user case or across all user cases.
	Company
	Views on the Positioning Requirements and use Cases

	Qualcomm
	We are supportive of the NR positioning requirements in TS 22.261 [3], TS 22.186 and TR 22.804.
However, there are many different combinations of accuracy, latency and availability which would be difficult to test and evaluate individually.
Instead, we support common requirements for different groups of user cases.
For V2X user cases (TS 22.186), we support 0.1 meters relative lateral accuracy, 0.5 meters relative longitudinal accuracy.
For IIoT user cases (TR 22.804), we support a position update interval of < 100 ms and accuracy < 0.2 meters.
For all user cases with both public and private networks (TS 22.261), we support vertical/horizontal accuracy < 0.3 meters, availability > 99.9%. latency < 100 ms (<10ms for some user cases), scalability to all UEs.

	Deutsche Telekom
	As for the Rel-16 positioning enhancement discussion on RAN requirements we suggest differentiating the use cases. 
With this input we just target the “commercial use cases” as we believe the “regulatory use cases” are unchanged from Rel-16 and thus fulfilled already.

· Positioning service provided from public cellular network (MTC, IoT, consumer use cases)
Positioning service benefits from existing network infrastructure mainly designed for coverage and connectivity.
· Required positioning accuracy depends on environment: 
· horizontal - 1m (urban, 80%), 10m (rural, 80%) or better; 
· vertical – 3m (80%);
· regardless of UE state
· Energy efficiency: battery life time for several years, with multiple position updates per day
· Efficient network resource utilization for broadcast and signaling procedures of millions of devices

· Factory/Campus Positioning using cellular network (dedicated on premise and IIoT use cases)
Based on additional/dedicated network infrastructure mainly designed for coverage and connectivity, specific positioning needs may justify extra investments (e.g. gNBs, backhaul, synchronization).
· High positioning accuracy demand: 
· horizontal – 10cm (80%), 
· vertical – below 1 meter; 
· regardless of UE state
· Low latency: < 10 - 100 ms (duration between trigger and availability of position)
· Scalability: as trade-off between positioning performance and infrastructure costs, e.g. applying reception points for positioning
· Seamless positioning service: on/off premise (applying compatible mechanisms with respective performance)
· Energy efficiency: battery life time for several months, with multiple position updates per hour
· Information on heading (accuracy: 5 degree or better) and velocity (accuracy: 0.5 m/s or better), maybe RAT-independent
· Automatization of service set-up and maintenance

	vivo
	For Rel-17, we also support to consider new use cases which were not studied and/or addressed during Rel-16 NR positioning SI/WI.  With these new use cases, Rel-17 NR positioning WI should target much better positioning accuracy in general.
For V2X, as in TS 22.186, 0.1 and 0.5 meter for relative lateral and longitudinal accuracy respectively.
For IIoT, as in TR 22.804, we support 0.2 meter as the positioning accuracy target.  

	FraunhoferIIS,
Fraunhofer HHI
	The accuracy performance targets from TS 22.261 [3] can be used to define the set of Rel-17 NR positioning requirements. The horizontal positioning error target for Rel-16 was set to <10m outdoor and <3m indoor (minimum requirements of [3]). For Rel-17, higher accuracy requirements [outdoor <3m and <1m] and indoor [<1m and <0.3m] shall be considered as performance targets whereby for the positioning use cases driven by RAT methods we see the following considerations:
· (A) a small number of devices requires higher accuracy (example <0.3m indoor and <1m outdoor)
· (B) a large number of devices requires lower accuracy (example <1m indoor and <3m outdoor)
For the use cases in (B), additional factors like the battery life time and device complexity play an important role for the use case applicability. For (A) use cases, low latency and higher update rate are relevant. 
We support the requirements in [3] for reliability, latency and vertical accuracy.

	CMCC
	In TS 22.261, the SA1 identifies a wide range of NR positioning services and applications both for the indoor and outdoor scenarios, which are categorized into 7 different service levels based on the accuracy, availability and latency requirements. For the positioning accuracy, the captured requirements are from sub-meter level (0.2m, 0.3m) to meter level (1m, 2m, 3m) to ten-meter level (10m). 
Targeting the basic commercial use cases (e.g., vehicle locating, stores/resturant navigation, etc.), the Rel-16 positioning requirements can satisfy most cases;
Targeting the new use cases (e.g., V2X, IIoT, etc.), the Rel-17 positioning should provide more stringent performance:
· For V2X use cases, we support 0.1 m for relative lateral accuracy and 0.5 m for longitudinal accuracy that defined in TS 22.186 as the requirements;
· For IIoT use cases, especially for factory/campus scenarios, we support 0.2 m accuracy that defined in TR 22.804 as the requirements

	Nokia
	Positioning accuracies down to 20 cm, latencies of the order of 10 ms, and high relability are desirable for commercial use cases of NR positioning in Rel-17. In particular, a variety of use cases envisioned for factories of the future (e.g. asset tracking and moving autonomous robots) have strict requirements which exceed the performance targets of Rel-16 NR positioning significantly. Scalable positioning solutions which support a high number of UEs being positioned simulateously are desirable as well. It is proposed that RAN WGs study how to achieve the service requirements and related performance targets.

	LGE
	We believe that the cooperative automated driving, VRU, factory automation, robot, and drone are the major positioning applications expected to be used in the near future, which could be covered by Rel.17 positioning work item in 3GPP NR. Here are some related requirements.
· Cooperative automated driving is one of the most important use cases of 5G NR enhanced positionnig. It requires much higher positioning accuray as well as lower latency while driving very high speed. The requirement matches the positionig service level 3-6 in Table 7.3.2.2-1 in [3] depending on the use cases (e.g. automation level, vehicle type and application type such as auto-parking).
· VRU (Vulnerable Road User) service demands high positioning accuracy and relativey high speed caused by passing vehicles on the road. High precision is essential to identify the target users to protect from the passing vehicles. The requirement corresponds to the positiong service level 5-7.
· Fatory automation and Robot also require both high accuary and low latency for positioning. Speed requirement is relatively low compared to automated driving. The positioing service level 4, 6 and 7 may be required.
UAV (Unmanned Aeiral Vehicle) has been widely deployed for e.g. delivery service and nowadays is being investigated even for transportation service. By its nature, vertical positioning accuracy is as important as horizontal positioning accurarcy. The positioning service level 3-7 can be considered for requirement.

	Polaris Wireless
	In addition to adding support for new use cases, our view is that we should also include items that were studied during release 16 but were left out of the normative work in release 16.  This includes additional support for the regulatory uses cases which although current performance metrics meet requlatory requirements, those regulatory requirements continue to evolve.

	Swift Navigation
	We support RAT-Independent GNSS positioning enhancements (Section 2.3.4) for Absolute positioning requirements and use cases in TS 22.261 [3] as well as TS 22.872, including horizontal accuracies down to 0.1m or better. We agree with the requirements in [3] which identify that different users and operators have different performance trade-offs, requiring configurable performance outputs (e.g. accuracy, positioning service availability, positioning service latency, bandwidth, energy consumption, update rate, TTFF etc). Configurable and scalable performance was a fundamental justification for adding SSR support in Rel-16 given the flexibility it creates for different use cases. We note however the requirements for Reliability in TS 22.261 [3] have not yet been fulfilled for GNSS. Specifically, the ability to measure the level of trust in the accuracy of the position-related data provided by the positioning system, and to issue valid and timely warnings to the UE when the positioning system does not fulfil the intended operations. We advocate the inclusion of Integrity KPIs and IEs to satisfy Reliability requirements for [3].

	Sony
	We agree to support and to consider the NR positioning requirements that have been investigated and summarized in TS 22.261 [3], TS 22.186 and TR 22.804. However, the NR positioning requirements are quite diverse (e.g. horizontal requirements, vertical requirements, latency, availability, relative positioning) and multiple levels (e.g. Horizontal requirements 50m, 10m, 3m, 1m, 0.3m, 0.2m). Clear target (e.g. the requirements combination and accuracy/latency level) is needed. Hence, we need proper selection and prioritization of NR positioning requirements for rel.17. As as start, we can split the use-cases, as follows:
· NR use cases in general: Better than NR positioning requirements as in rel.16 by enhancing the vertical/horizontal accuracy, and reduced latency.
· V2X use cases: 0.1 m for relative lateral accuracy; 0.5 m for longitudinal accuracy
· IIoT use cases: accuracy of < 0.2 meters for both vertical and horizontal. 
In addition to that, UE power consumption for positioning measurement/reporting/estimation should also be considered.

	Mitsubishi Electric
	For RAT independent positioning, correction information should have high integrity (e.g., “reliability, and the uncertainty or confidence level” [3]), and it should be authentic. The aforementioned requirements should be fullfilled for reliable positioning.For IoT devices, corretion information for PPP-RTK should be efficient in terms of bandwidth. In addition, a mechanism to monitor positioning accuracy or retrive maintenance information in specified areas is useful in applications. Finally, usingcoordinate transformation parameters to correct differences between derived positions and coordinates on a map, created by crustal movement, is a practical use case to consider.

Use cases in factory environment should be considered for RAT dependent techniques. The existing or proposed techniques should be evaluted using IIoT channel models.

	Telefonica
	Focus on new commercial use cases that were not addressed in R16, based on TS 22.261 targets in terms of positioning accuracy, availability and confidence level. For Factory/Campus automation and IIoT scenarios, we support 0.2 m for horizontal accuracy and below 1m for vertical accuracy. For V2X, TS 22.186 targets shall be met (0.1 m for relative lateral accuracy and 0.5 m for longitudinal accuracy).We also support RAT-Independent GNSS positioning enhancements.Scalability and battery life time shall be considered as well.

	CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM
	For Rel. 17, support for deep indoor position should be introduced. This is applicable to factory environment, mall and campuses.  Further enhancement of positioning for V2X and IIoT case should be carried out in Rel 17.

	ESA
	The indoor environment, in the context of commercial use cases, is still largely not addressed. Factory 4.0 is an important vertical and accurate location information is an enabler for many of the factory automation use cases. From discussions with stakeholders it seems that 20 cm is the desired performance. Therefore, for IIoT use case we support this number.

For V2X use cases we support the requirements defined in TS 22.186: 0.1 meters relative lateral accuracy, and 0.5 meters relative longitudinal accuracy.

	UIC (International Union of the Railways)
	Professional positioning for operational purposes is essential for the safe movement of trains or rail vehicles to ensure the safety of passengers or goods to be transported.
[image: ]

Today, the positioning of trains or rail vehicles is realized by means of permanently mounted postioningbalises, axle counters, etc. as part of the rail track system. This form is unsuitable for stations, defacto it would require a balise every meter. Balises also form a risk factor regarding availability that railway community would like to encounter. In general, the currently different positioning methods generate various interfaces that railway community wants to reduce to one standized interface.

The starting point is the security aspect, which also applies to the position information. The position information is used to grant the movement authority to the train when the risk level allows it or inform the train about an immediate break,
For train position information, the Safety Integrity Level 4 (systematic safety intergrity) is required for use (see IEC 61508). Accordingly, position information of a position source is insufficient (not fail safe) to guarantee SIL-4 at all times. Accordingly, other precautions must be taken to use 3GPP system positioning information as well as other positioning sources, e.g. Inertial Measurement Unit, Odometer, etc. in the determination of the current position of the vehicle and possible associated users.

For the rail positioning accuracy requirements, the consolidated requirements from 3GPP TS 22.261 clause 7.3.2.2 table 7.3.2.2-1 apply. Important for the positioning of trains is the speed, which covers a range of 0-500km / h. Accordingly, the speed aspect was set in 3GPP TS 22,262 table 7.3.2.2-1 in relation to the required horizontal and vertical positioning accuracy.
Finally, the aspect of the confidence statement of positioning information for trains is of utmost importance. Accordingly, the number of measurement samples is crucial to give a reliable statement about the position of a train also with regard to the SIL-4 requirement in accordance with the requirement Positioning latency ≤1s.

	Acorn
	We agree that improved accuracy is an important aspect to the evolution of 3GPP positioning technologies.  Sub-meter accuracy will find great interest for application developers.  We also feel that power consumption and UE complexity needs to be a consideration.  The Rel-17 specification from a positioning perspective thus requires a flexibility to support use cases that may be less power constrained and require very high accuracy, while also supporting the network deployment for uses cases that are severely power constrained (ie, multi-year battery life asset trackers).  Flexibility in the network overhead of positioning reference signals is also important.  Giving the operators the ability to deploy positioning features with very low overhead (ie, 1/160 * 100% as in LTE) lowers the bar for including the features.  And of course allowing for higher signaling overhead for higher accuracy is a requirement of the future specification (ie, Rel-14 LTE with up to 100% PRS).  Massive IoT use cases with many UEs per cell with positioning needs is something of course to consider.  Methods to minimize network congestion caused by positioning is an aspect to prioritize.

	Ericsson
	The following use case specific requirements/aspects have been identified for inclusion in rel17::
· For IIoT use cases (TR 22.804), <0.1 m accuracy, latency < {10; 100} ms (different cases)
· For V2X use cases (TR 22.186), <0.1 m lateral and <0.5m longitudinal relative accuracy, latency <100ms, at velocities up to 120 km/h
· For public safety use cases (TR 22.872), possibility to use temporary network infrastructure, possibility to position the device even when connecting through a private network or wireless backhaul to the network (use case of disaster area with lost RAN access on site, requirements 5s TTFF, horizontal 1m and 0.3m vertical accuracy (95-percentile)
· For general public/private networks, horiz/vert accuracy < 0,3m, 
Availability 99,9% unless other value stated above, and scalability to ensure availability also in high load.

	Swisscom
	The main use-case we forsee at his stage for mobile based positioning is related to (Industrial-) IoT Positioning specifically indoor. See section 2.3.

	Verizon
	Our marketing “wishes” – subject to negotiation 😊
[Scenario-1] For aoutdoor deployment on the Sub-6 GHz bands, with an inter-site distance of _1000_meters, or on 28GHz bands, with an inter-site distance of 500 (NLOS) 800 (LS) meters, with an interwith a level of synchronization between base stations at around _10+ ns
· we would like to have a horizontal accuracy of  less than 0.5 meters and a vertical accuracy of _ less than 0.5 meters, for UE with a speed of _80_mph, within _1 sec,  90 % of the time.
· And we would like to have a horizontal accuracy of  less than 0.2 meters and a vertical accuracy of _ less than 0.2 meters, for UE with a speed of _15_mph, within _1 sec,  90 % of the time.
· And we would like to have a horizontal accuracy of  less than 0.02 meters and a vertical accuracy of _ less than 0.04 meters, for UE with a speed of _0_mph, within _1 sec,  90 % of the time.
	Speed
	Horizontal 
	Vertical

	80 mph
	0.5 m
	0.5 m

	15 mph
	0.2 m
	0.2 m

	0 mph (Stationary)
	0.02 m
	0.04


For that, we are willing to give the positing effort  5_% of the network resources during the positioning period.The targeted use case for this scenario includes e.g., C-v2x in dense urban areas.
[Scenario-2] For aindoor deployment on the Sub-6 GHz bands, with an inter-site distance of _1000_meters, or on 28GHz bands, with an inter-site distance of 500 (NLOS) 800 (LS) meters, with a level of synchronization between base stations at around _10+ ns
we would like to have a horizontal accuracy of  NAmeters and a vertical accuracy of _ less than 1.0 meters (3.0 meters to meet FCC), for UE with a speed of _NA_mph, within _1 sec,  90 % of the time.
For that, we are willing to give the positing effort  5_% of the network resources during the positioning period.
The targeted use case for this scenario includes e.g., Floor detection in indoor buildings.
[Scenario-3] For some indoor deployments (details under evaluation), we need centmeter accuracy. Elevation accuracy TBD.
[Scenario-4] For some outdoor deployments (details under evaluation), for use cases we are thinking today, 0.1m is probably enough. But we should push it as far as we can, e.g., for future AR/VR use cases, location verification use cases etc., we may need 3cm accuracy. Elevation accuracy TBD.

	Philips
	We would like to target the health related use cases defined in TR 22.872 (5G_HYPOS), e.g. tracking personnel, patients and equipment inside the hospital using low power IoT devices and wearables (targettinghorizontalaccuracy of <3m and vertical accuracy of <2m), and also be able to locate patients in distress and emergency equipment (e.g. AED) outside of the hospital (indoor/outdoor with a horizontal accuracy of <10m and vertical accuracy of < 2m, everywhere in the 5G location service area). With the current accuracy, you can easily end up in the wrong building, wrong street or wrong floor.

	Intel
	The following main use cases should be further considered:
1)	NR V2X/vehicles+drones (Outdoor scenarios)
2)	NR IIoT/robots positioning (Indoor scenarios)
3)	NR-U positioning (Indoor and Outdoor)
Uu and PC5 interfaces should be considered
Target requirements: horizontal accuracy < 0.5m, latency < 100ms, strive to maximize scalability, strive to minimize UE power consumption, analyze vertical accuracy(drones)

	AT&T
	We support considering new use cases in Rel-17 with requirements which are more stringent than Rel-16. For V2X and IIoT use cases horiztonal accuracy of .1m-.2m and veritical accuracy < 1m should be supported with latencies in the range of 10ms-100ms. Additionally, high-accuracy/low-latency speed/Doppler estimation should be supported with accuracy requirements which are a function of the carrier frequency and position update interval:
	
	FR1(~4GHz)
	FR2 (~40GHz)

	10 ms update interval
	5 km/h
	.5 km/h

	100ms update interval
	.5 km/h
	< .5 km/h




	Huawei, HiSilicon
	We are supportive of the requirements and use cases for NR positioning defined in TS 22.261, TR 22.872, TR 22.804, and TS 22.186 (V2X). But the performance KPIs are possibly too stringent to be met by Rel-17 positioning techniques. For example it is challenging to realize the service level 6 with the absolute accuracy 0.3m at the availablitiy of 99.9% and E2E latency of 10ms in an outdoor moving scenario with UE moving speed up to 250km/h. We are supportive to set a target performance for RAN positioning with reference to the requirements defined in SA, as done in Rel-16 positioning. The most important metric for NR positioning is still the positioning accuracy with a certain CDF value. E2E latency is also important in discussing requirements, but it is hard to find a good evaluation method to evaluate the latency, particularly the latency in RAN side. So Rel-17 positioning can take latency as an optional requirement.

Proposal 1: For general outdoor and indoor scenarios, NR Rel-17 positioning should further enhance the positioning techniques and support the following target performances (ref. the service level 3, 4 in TS 22.261):
· Outdoor scenario (UMi): 5m@80% (Horizonal), 2m@80% (Vertical)
· Indoor scenario (InH): 1m@80% (Horizonal), 2m@80% (Vertical) 

Proposal 2: For Industrial IOT use cases, NR Rel-17 positioning should support the following target performances (ref. the service level 5, 6 in TS 22.261):
· Horizonal 0.5m@90% and vertical 2m@90% 

Proposal 3: For V2X use cases (TS 22.186), NR Rel-17 positioning should support the target performances for relative positioning (ref. the service level 7):
· Relative postioning accuracy: relative lateral position 0.3m@90% and relative longitudinal position 0.5m@90% between two UEs within 10 meters of each other.

	CATT
	The performance target for commercial cases in Rel-16 NR positioning is defined as horizontal accuracy of 3m(indoor)/10m(outdoor) and vertical accuracy of 3m (indoor/outdoor) for 80% of UEs, which is near the lowest level of performance target for commercial cases defined in TS 22.261, where the performance target of Positioning Service Level-1(PSL-1)  is defined as 10m in horizontal and 3m in vertical with 95% confidence and 95% availability.
In TS 22.261, seven service levels of performance targets are defined for 5G positioning service with the consideration of accuracy (up to cm-level), availability (up to 99%), latency (up to ms-level), etc. It is understandable that no single RAT-dependent/independent positioning technique is capable of achieving all of the performance targets of the PSLs for all use cases under all deployment scenarios, but the performance targets of these PSLs should be achievable by the use of some positioning techniques or the combination of the positioning techniques for some deployment scenarios. Thus, in our view the performance target for Rel-17 NR positioning should consider most, if not all, of the use cases and the associated target performance defined in TS 22.261, but not only limited to just few of them. During the SI/WI, we may further define properly the corresponding deployment scenarios for each of the PSL. For example, both PSL-2 and PSL-3 are defined for the use case of outdoor (rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles with different horizontal and vertical accuracy requirements. Rel-17 NR positioning should target to meet the performance targets for both PSL-2 and PSL-3 but maybe in different deployment scenarios, e.g., different distribution of the BSs, different configuration of PRS resources, etc.
Rel-17 NR positioning should support the performance targets of the PSLs for all use cases defined in TS 22.261. The deployment scenarios under which the performance targets of these PSLs should be met can be further defined during the SI/WI.

	Futurewei
	R17 should focus the commercial use cases and requirements, with requirements beyond what’s provided by R16 positioning. The use cases and the corresponding requirements should then be based on what’s stated in TS 22.261, TS 22.186 and TR 22.804. Specifically, 0.1m relative lateral accuracy and 0.5m relative longitudinal accuracy for V2X uses cases and accuracy of < 0.2m for IIoT use cases. 

	ZTE
	We also think the regulatory requirements have already been achieved in Rel-16 and Rel-17 should focus on commercial use cases. In TS 22.261, 7 different level of services differ in accuracy, availability and latency are identified. And we basically chose the loosest one as Rel-16 commercial requirement and it is naturally to move one step further if feasible. Vertical/horizontal accuracy < 0.5 meters, availability >80%. latency < 100 ms, scalability to all UEs.
As to the new use cases (e.g., V2X, IIoT.):
For V2X use cases, we think the latency is extremely important and we support 0.1 m for relative lateral accuracy and 0.5 m for longitudinal accuracy in TS 22.186 ;
For IIoT use cases, we support 0.2 m accuracy as defined in TR 22.804.
But in general , all these enhancements are very hard to achieve with no significant technique progress. Given that Rel-17 release is a short release, we can consider todepriortize the normative work or just have a study phase for V2X and IIOT positioning in Rel-17

	Samsung
	TS 22.261 can be used and accuracy can be up to 10cm.

	FirstNet

[late input]
	3D positioning {in particular vertical (height)/Z-Axis positioning} requirements: 
FCC requires all US wireless carriers to provide vertical (or z-axis) location data that’s accurate within 3 meters (approximately 10 feet) of the caller’s handset for 80% of indoor 911 calls.  Reference: Fifth Report and Order and Fifth Further Notice of Proposed Rulemaking - PS Docket No. 07-114   
https://www.fiercewireless.com/regulatory/fcc-moves-to-improve-location-accuracy-911-callers-multi-story-buildings






2.2	General NR Positioning Enhancements
Companies are invited to provide their view on potential work areas and objectives for NR Positioning in Rel 17. This includes a brief description of each task/objective together with the main motivation and justification, an identification of whether for study initially, and an indication of which requirement(s) are being supported.
Example technical areas may include (but not limited to) any of the enhancements identified during Rel-16 NR positioning SI but not (or not fully) adressed in the Rel-16 WI (e.g., as summarized in TR 38.855 [4]).   
For each of the proposed objective, companies are requested to indicate one of the following options:
Option 1: Start normative work directly.
Option 2: Perform a study and, if agreed, continue with normative work in Rel-17.
Option 3: Study only in Rel-17.

	Company
	Main objective
	Motivation/Justification
	Main target use case/requirement 
	SI/WI

	Company Name (there can be multiple rows per company)
	Please provide a summary of what is intended to be achieved. E.g., "Positioning of UEs in RRC-IDLE and RRC-INACTIVE states".
	Please provide some brief justification for the proposed objective and any additional description or details as needed.
	Please indicate which requirement(s) proposed in section 2.1 are being supported (e.g., on accuracy, latency, etc. )
	Option 1,2,or 3


	Qualcomm
	Support for UE-based positioning for Rel-16 positioning methods for which UE-based mode is not already supported in Rel-16 (e.g. Multi-RTT).
	Very low latency where the UE or an App is the client.
Scalability to all UEs without extra network resources.
Hybrid location without extra network resources.
Enhanced privacy (UE location not available externally).
	All user cases
Latency < 10ms (for a UE client)
Scalability to all UEs

	Option 1

	Qualcomm
	Support for UE and/or network assistance for UE and network calibration to improve positioning and reduce cost (e.g. by enabling network synchronization at reduced cost).
	Determine group delay in a gNB and UE for Multi-RTT
Determine RTDs for UL/DL TDOA
Enable low cost gNB synchronization for UL/DL TDOA
	All user cases
Accuracy < 0.3 meters
Availability > 99.9%
	Option 2

	Qualcomm
	Enhancements to DL/UL Positioning RS and existing positioning procedures to increase accuracy and reduce latency.
	Increase accuracy of UL/DL time measurements (e.g. using multicarrier RS).
Improve detection and removal of multipath measurements.
Reduce signaling and measurement delay.
Improve yield (via better RS coverage).
	All user cases.
Accuracy < 0.3 meters
Latency < 100 ms (for an external client)
Availability > 99.9%
	Option 2

	Deutsche Telekom
	Depends on the use case and the agreed requirements of each individual use case. For the defined use cases and deployment scenarios in 2.1. by Deutsche Telekom Option 1 seems to be adequate
	Rel-16 already studied the solutions, but the agreement on stringent requirements was challenging. We do not see much need for further study
	Both use cases mentined in 2.1
	Option 1

	vivo
	Support of positioning of UEs in RRC-IDLE and RRC-INACTIVE states
	Idle and inactive mode UE positioning is beneficial in terms of UE power consumption and the signalling latency/overhead. These benefits are also essential for some new use cases such as IIoT to be considered in Rel-17.
	All use cases
	Option 1

	FraunhoferIIS,
Fraunhofer HHI
	Support positioning of a large number of devices with diverse requirements.
	Flexible and dynamic UL and DL resource allocation for positioning of a large number of devices taking interference minimization and NW coordination into account.
	Localization for offtimes stationary and moving devices with different requirements (indoor or outdoor). 
	Option 1

	FraunhoferIIS,
Fraunhofer HHI
	Support of UE-based positioning for methods that require reduced network complexity such as synchronization and deployment considerations.
	Timing and angle based approaches require additional overhead for enabling positioning which is not applicable in some scenarios. Approaches like pattern recognition (fingerprinting), also combined with RTT measurements, can achieve comparable and often better performance in challenging NLOS scenarios.  Low latency, lower power consumption, and lower traffic are the main benefits of using UE-based positioning. 
	Reduce device power consumption, lower latency and reduced NW complexity.
	Option 2

	FraunhoferIIS,
Fraunhofer HHI
	Support coordination of interference for UL multi-TRP positioning.
	Coordination of interference arising from positioning signals and from data transmission in nearby cells cause positioning accuracy to degrade. Network coordination mechanisms and signaling need to be studied.
	High traffic and support for positioning high number of devices.
	Option 2

	CMCC
	Enhancements of Rel-16 positioning
	· Enhancements of DL/UL-PRS design
· Enhancements of UE/gNBmeasurments, at least including:
· high resolution of UE/gNB measurements reporting.
· Enhancements of physical-layer procedures to support NR positioning
· Compensation of network synchronization error
· Enhancements of vertical positioning accuracy
· study and evaluate the techniqes to achieve the required vertical accuracy
	All use cases




	Option 1

	
	UE-based positioning
	It is stated that UE-based postioning helps reduce the positioning latency by solve the location locally, and enhance the positioning accuracy by using hybrid measurements. However, for the Uu-based positioning, one main security issue is that the gNB coordinates have to be informed to UEs. From our point of view, it is better to first study the UE-based positioning in the V2X use cases.
	V2X use cases
	Option 2

	
	Carrier phase based positioning
	Study and evaluate the positioning accuracy and implementation complexity of tracking the carrier referece signals.
	All use cases;
	Option 2

	Nokia
	Positioning of UEs in RRC idle and inactive states
	UE power consumption and latency can be minimized by supporting positioning in RRC IDLE and INACTIVE states; this should be applicable in both FR1 and FR2. The scalability of positioning solutions can also be improved with this objective. 
	Latency, power consumption, and scalability. 
	Option 1

	Nokia
	Location management functionalities in RAN and coordination between LMC in RAN and 5GC entities
	Integration of LMC into the LCS architecture to support location service continuity and continouous low latency postioning. 
	Latency, servicecontinuity
	Option 1

	Nokia
	Efficient Resourceallocationin PRS transmission
	On-demand PRS transmission and dynamic PRS resource allocation temporarily increasing/decreasing the PRS resources to optimize the PRS resource usage.
	Power consumption, resourceutilization
	Option 2

	LGE
	Low UE complexity for NR OTDOA
	· Justification: high cross-correlation computation burden at the UE
Number of ToA measurements is quite large due to many TPs and multiple TX/RX beams, and wideband based PRS is highly demanded for high accuracy but it is also requires high complexity 
	[Use case]
· Reduced UE complexity

	Option 1

	Polaris Wireless
	Positioning of UEs using UL Received Signal Waveforms
	Base stations pass on the measured signal waveform to the location server for positioning. This has several benefits
1. Support advanced positioning methods whose input measurements (e.g., multipath measurements) are not part of the measurements for the baseline methods proposed in TR 38.855. For example, the UE position estimation from a single BS in NLOS conditions can be significantly improved using multipath measurements and multipath mitigation/exploitation techniques.
2. Reduce base station complexity and computational loads associated with implementing positioning methods. 
3. Allows location providers to implement their own algorithms for RAT-dependent measurements available from base stations (e.g., RSRP, AoD, AoA, RSTD).
4. Limited changes to specifications for UL, existing reference signals such as SRS or proposed signals such as UL PRS can be used.
	All Use Cases
	Option 1

	Sony
	Positioning of UEs in RRC-IDLE and RRC-INACTIVE states
	It has been studied in NR positioning SI in rel.16 (see TR.38.855). It is beneficial in term of reducing the signalling and reduced UE power consumption.
	All use cases


	Option 1

	Sony
	Enhancements to the positioning techniques introduced in rel.16 (RAT dependent) in term of improving positioning accuracy (vertical/horizontal) and reducing latency
	Targeting to fulfil higher positioning service level as defined in Table 7.3.2.2-1 [22.261]
	All use cases


	Option 1

	Mitsubishi Electric
	Positioining of UEs in IDLE or INACTIVE states (e.g., signaling designs), imporoved RS design in both DL and UL to improve accuracy and coverage, and reduce latency for factory use cases
	Improve accuracy and latency of positioning in IIoT scenarios. Provide power saving features during positioining for IIoT devices.
	IIoT use cases
	Option 2

	Telefonica
	Enhancements on R16 positioning techniques
	Support stringent requirements defined in TS 22.261
	All use cases
	Option 2

	CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM
	Enhancement in UE based positioning For Rel 17
	Same accuracy and reliablityfor  deep indoor scenario compared with other cases in Rel 16.
[bookmark: __DdeLink__69036_1306111431]Enhanced privacy and security.
Power optimization especially for IoT devices

	All use cases
Latency less than 10ms

	Option 1

	CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM
	Support for positioning in inactive and idle mode in Rel 17
	It is beneficial for overhead reduction,  power consumption reduction  and latency reduction.
Enhanced privacy and security.
	All use cases
	Option 2

	UIC
	UE based positioning
	The aspect of train speed between 0-500km/h on the UE and its impact to the positioning (vertical, horizontal, and heading/direction vector)accuracy may require further study.
	All use cases
	Option 2

	UIC
	UE based positioning 

	What confidence level of the positioning information can be achieved in 5G NR considering the delay of ≤1s.
	All use cases
	Option3

	UIC

[late input]
	UE based positioning encompassing other positioning sources simultaneously.
	To guarantee in the rail environment fail safe operation and positioning accuracy with a confidence level of minimum 99% other positioning sources, e.g. GNSS or IMU (Inertial Measurement Unit) or map info etc., can be used simultaneously. The 5G capable UE will have the ability to include those additional positioning sources using a harmonized protocol at UE level to increase positioning accuracy to get closer to SIL-4 requirements.
	All use cases
	Option 3

	Acorn
	Positioning in IDLE and INACTIVE.
	Improved accuracy and reduced latency, less network congestion, lower signaling overhead.
	All use cases.
	Option 1

	Acorn 
	UE-based positioning.
	Improved accuracy and reduced latency, less network congestions, lower signaling overhead.  UE-based OTDOA has been agreed in RAN2 for Rel-16.  In Rel-17 address left-over issues from Rel-16.
	All use cases.
	Option 1.

	Ericsson
	Enhancements of orthogonalitization and interference suppression to enable high density infrastructure deployment
	Precise positioning in challenging areas may require a high infrastructure deployment density, which needs enhancements in orthogonalization and inference suppression 
	All use case requirements, but specifically IIoT
<0.1 m accuracy, latency < {10; 100} ms (different cases)
	1

	Ericsson
	Scalability enhancements to ensure that reliability requirements can also be met in scenarios with high load. Also, the extended use of extended reference signals for positioning.
	IIoT and V2X use cases needs to be designed to meet high demand, and be resource efficient
	All use case requirements, but specifically IIoT and V2X
<0.1 m accuracy, latency < {10; 100} ms (different cases)
•	For V2X use cases (TR 22.186), <0.1 m lateral and <0.5m longitudinal relative accuracy, latency <100ms, at velocities up to 120 km/h
	1

	Ericsson
	Realtime integrity support to ensure that the position estimate accuracy can be properly assessed, both based on GNSS and NR
	To properly assess the positioning estimate uncertainty, there is a need for integrity information such as more detail measurement error representation (measurement confidence interval information, richer multipath information, LOS detection information, assistance data uncertainty), 
	All use case requirements, but specifically IIoT and V2C, also GNSS positioning accuracy uncertainty assessments
	2

	Ericsson
	Support for for LTE PRS in NR-only terminals to enable dynamic spectrum sharing
	Shared spectrum corresponds to an attractive means to provide multi-RAT coverage in rural areas
	Regulaltory requirements for urban macro deployment used in Rel. 16
	1

	Ericsson
	IAB-based positioning and low time to first fix positioning
	Public satefy requires a temporary, localized  enhancement in the positioning capability of the network to meet temporary demands
	For public safety use cases the possibility to use temporary network infrastructure, possibility to position the device even when connecting through a private network or wireless backhaul to the network (use case of disaster area with lost RAN access on site, requirements 5s TTFF, horizontal 1m and 0.3m vertical accuracy (95-percentile)
	2

	Ericsson

	For RAT dependendt UE based positioning methods, enable UE feedback to the location server for adaptive assistance data. Provide the configuration for immediate measurement and reporting occassions in conjunction with assistance data provisioning.  



	For UE based positioning method, the measurement interval specified by RRC based MDT logging framework may not be adequate. The report could be sought by location server immediately and on periodic basis. For example, in order to identify the PRS beam utilization, verify UE based location estimation, to understand the NW prevalining usage of different positioning methods and NW resources. It should be possible to configure UE to report measurements (immediate) via LPP while in UE based Positioning.  
	All use cases.

	Option 1,2

	Philips 
	Low power positioning techniques
	Provide power saving features and improve accuracy in low power IoT scenarios. 
	eHealth use cases
	2

	Intel
	NR positiong w/ sidelink air-interface
	Study benefits and scenarios for sidelink assisted NR positioning
	Accuracy, availability improvements
	Option 2

	Intel
	NR positioning for RRC_IDLE/RRC_INACTIVE UEs
	Scalability aspects of NR positioning. UE-based autonomous positioinig under network authorization
	Scalability improvements

	Option 2

	Intel
	Enhancements of two-step RACH for NR positioning for RRC_IDLE/INACTIVE/CONNECTED  UEs
	Low latency aspects of NR positioning i.e. reduction of latency of positioning procedure
	Latency improvements

	Option 2


	Intel
	Enahncements of NR Uu air-interface and protocols in terms of measurement and reporting
	Enhance Uu air-interace through definition of additional measurement and reporting
	Accuracy improvements
	Option 2

	Intel
	NR positioning in unlicensed spectrum for Uu air-interface
	Enhanced availability + possibility to use wide bandwidth which is very beneficial for positioning
	Accuracy, availability improvements
	Option 2

	AT&T
	Distance/Doppler estimation
	Study RS design for high-accuracy and low-latency distance and Doppler measurements
	Latency/accuracy improvements, mobility use cases

Velocity estimation accuracy requirements:
	
	FR1(~4GHz)
	FR2 (~40GHz)

	10 ms update interval
	5 km/h
	.5 km/h

	100ms update interval
	.5 km/h
	< .5 km/h



	Option 2

	Huawei, HiSilicon
	Support for multipath assisted positioning
	Requiring at least 3 LOS gNBs for Rel-16 positioning techniques (e.g. DL-TDOA, UL-TDOA, Mulit-RTT) is sometimes too strict to the service providers to build the positioning network. Multi-path assisted positioning further exploits the temporal and spatial information conveyed by the NLOS paths, thus enables single-Node positioning.
	Absolute positioning with the target performance of Proposal 1 (see response to 2.1).
	Option 1

	Huawei, HiSilicon
	RRC-IDLE/RRC-INACTIVE state positioning
	To track the location of NR UEs in RRC_IDLE/RRC_INACTIVE state, the mechanism to support DL measurement and/or measurement reporting in those states can help UE power saving.
	Absolute positioning with the target performance of Proposal 1 (see response to 2.1).
	Option 1

	Huawei, HiSilicon
	Enable the use of CSI measurements for improving positioning accuracy
	Positioning in complex environments crucially relies on finger-printing and machine-learning positioning techniques. Channel state information (CSI) measurements are efficient to provide higher accuracy than RSRP measurements.
	Absolute positioning with the target performance of Proposal 1 (see response to 2.1).
	Option 2

	CATT
	· Investigate advanced techniques (e.g., NR carrier phase positioning, differential NR positioning, cooperative positioning, etc.) for positioning enhancements with the consideration of accuracy, availability, reliability, scalability, TTFF, etc. 
· Support positioning for UEs in RRC_IDLE and RRC_INACTIVE modes.
· If necessary define new downlink,  uplink and sidelink positioning reference signals, for supporting the positioning  enhancements
· If necessary define new positioning measurements for supporting the positioning enhancements
· If necessary define new physical-layer procedures to support measurements for thepositioning  enhancements
· Extend the functional interfaces, signalling (e.g., RRC, LPP, NPPa, Xn), and procedures including UE reporting, to support NR RAT-dependent/independent positioning enhancements
Define corresponding core and performance requirements for NR positioning enhancements
	· Support the performance targets of the positioning service levels and use cases defined in TS 22.261 and TS 22.104 with RAT dependent NR positioning techniques for both FR1 and FR2 for indoor and outdoor positioning applications, targeting the corresponding performance requirements (accuracy, reliability, latency, etc.) of horizontal and vertical positioning. 

	The use cases and associated positioning targets of the positioning service levels defined in TS 22.261 and TS 22.104.

	Option 2

	Futurewei
	Extending R16 positioning work to UEs in RRC-IDLE and RRC-INACTIVE states
	
	Starting with all use cases considered in R16 V2X work item.
	Option 2

	Futurewei
	Enhancements to R16 positioning 
	To improve positioning accuracy (vertical/horizontal) and reducing latency
	Based on the agreed use cases identified in Section 21.
	Option 1

	ZTE
	PRS based TBS enhancements to support PRS-only TP as RSTD reference cell in both UE-assisted and UE-based mode
	High synchronizastion accuracy
Good compatibility with wireless network
Flexible deployment
	All user cases
Latency < 10ms (for a UE client)
Scalability to all UEs
	Option 1

	Samsung
	Enhacement of existing PRS design
	Target higher accuracy and flexibility.
	All use cases
	Option 1

	MTK

[late input]
	Enhancement for Rel-16 Positioning
	1, SRS cyclic shift configuration for staggering pattern should be defined. Otherwise, multiple-RTT may not work properly
2, Partial staggering pattern for configuration (DL). In certain scenarios, e.g. indoor case, the TRP number is large and distance between UE and TRP is short, So there is no need to apply full staggering pattern 
	All use cases
	Option 1

	MTK

[late input]
	UE based positioning for DL-AoD technique
	1, low latency
2, DL-AoD doesn't require tight network synchronization and huge uplink resource transmission. Remember that multiple-RTT requires uplink resource even though network synchronization may not be needed. Then DL-AoD provides an alternative for UE based positioning without consuming uplink resources
	All use cases
	Option 1

	MTK

[late input]
	Positioning under NTN
	1, The satellite at 600Km orbit may provide better SNR condition for the receiver, as compared to the GPS satellite
2, the LOS probability for using satellite is absolutely better than the base station under terrestrial scenario
	All use cases
	Option 2 or Option 3 are fine

	MTK

[late input]
	Carrier phase measurement for Positioning
	1. To achieve centi-meter accuracy, the concept of using the phase may be considered. However it is still unknown on how to make it work under NR system
	All use cases
	Option 3





2.3	Additional Technical Areas and Use Cases
Companies are invited to provide input on the positioning support for new/specific use cases and work areas beyond those discussed in section 2.2 above:
a. V2X positioning;
b. NR-U positioning;
c. (Industrial-) IoT positioning aspects.
d. "RAT-independent" positioning aspects.
Companies are requested to provide the motivation/use-case/justification and objective for each new technical area together with an indication on whether a study item phase is needed/recommended or whether normative work can begin immediately.
Option 1: Start normative work directly.
Option 2: Perform a study and, if agreed, continue with normative work in Rel-17.
Option 3: Study only in Rel-17.
2.3.1	V2X positioning
Rel-16 V2X communications using sidelink interface (PC5) is designed to operate in in-coverage, out of coverage and partial NW coverage scenarios in ITS and licensed bands in FR1/FR2. SA1 requirements related to V2X communications and positioning accuracy for V2X applications are captured in [5]. Companies are requested to provide scenarios, spectrum of operation along with objectives/motivation/justification and an identification of whether for study initially.
	Company
	Scenario
	Spectrum of Operation
	Main objective
	Motivation/Justification
	Main target use case/requirement
	SI/WI

	Company Name (there can be multiple rows per company)
	in-coverage, out of coverage and partial NW coverage
	ITS, licensed bands, FR1/FR2
	Please provide a summary of what is intended to be achieved.
	Please provide some brief justification for the proposed objective and any additional description or details as needed.
	Please indicate which requirement(s) are being supported
	Option 1,2,or 3


	Qualcomm 
	in-coverage, out of coverage and partial NW coverage
	ITS, licensed, unlicensed, FR1
	Assisted sidelink positioning for vehicles and pedestrians with power efficiency for pedestrians. Support heavy urban scenarios and reduce false alarms caused by inaccurate V2P positioning. Reuse UL/DL RS from Rel-16
	Support V2X user cases with high accuracy, high reliability, low latency.
Support challenging scenarios (heavy urban).
Reduce power consumption for pedestrian devices.
Avoid V2P false alarms caused by inaccurate positioning.
	V2V, V2P, autonomous driving
Relative lateral accuracy < 0.1 m
Relative longitudinal accuracy < 0.5 m
Availability > 99.9%
	Option 2

	Deutsche Telekom
	See QC
	See QC
	See QC
	See QC
	See QC
	Option 2

	vivo
	in-coverage, out of coverage and partial NW coverage
	ITS, licensed, FR1/FR2
	Study and if agreed, specify sidelink based /assisted ranging and positioning techniques.
	Support V2X and all sidelink use cases in general. Target both relative high and low mobility with good accuracy, high reliability and low latency.
	0.1 and 0.5 meter for relative lateral and longitudinal accuracy respectively
	Option 2

	FraunhoferIIS,
Fraunhofer HHI
	in-coverage, out of coverage and partial NW coverage
	ITS, licensed bands, FR1/FR2
	V2X Positioning including sidelink ranging 

	To support V2X positioning applications, the achievable performance for RAT methods, including sidelink, shall be studied for the relevant scenarios.

	Support short range on-board sensor with medium range RAT measurements. 
The role of RAT techniques for the accuracy and availability requirements in [5] needs to be defined during the study phase.
	Option 2

	CMCC
	in-coverage
	ITS, licensed bands, FR1
	Enhance the accuracy of the Uu-/GNSS-based absolute positioning.
	Using the in-coverage sidelink-based positioning helps improve the Uu-/GNSS-based localization accuracy.
	All V2X use cases;
0.1 m for relative lateral accuracy;
0.5 m for longitudinal accuracy
	Option 2

	
	out-of-coverage
	
	Relative positioning.
	Using the out-of-coverage sidelink-based positioning to avoid vehicle collisions by acquring the relative localization of the near-by vehicles.
	
	

	
	partial NW coverage
	
	Substitute of Uu-/GNSS-basedabsolute positioning.
	In such cases, the near-by vehicles with the knowledge of its own location can be treated as positioning anchors, and the sidelink-based positioning can be adopted as the substitue of Uu-/GNSS-based positioning to obtain the absolute position.
	
	

	Nokia
	All
	Priority of FR1
	Support sidelink assisted positioning.  Note that this applies to all scenarios in which sidelink is available, not just V2X, and there should be a common solution for sidelink-assisted positioning. 
	UEs which are out of coverage or have partial NW coverage can benefit from sidelink assisted positioning. UEs which are in coverage can benefit from additional anchor points via sidelink with improved accuracy performance. 
	Latency, availability, reliability, accuracy improvements
	option 2

	LGE
	in-coverage, out-of-coverage and partial NW coverage
	ITS, licensed bands, FR1/FR2
	UE-basedSL positioning
	· SL-oriented positioning without Location Server
· RSU-based absolute positioning
· UE Relative positioning with assistance data
· UE position information
Sensor perception data
	[Use case]
· Automated driving
[Requirements]
· Horizontal accuracy< 1m
· Vertical accuracy < 1m
· Latency < 15ms
· Coverage < 100m
Availability >= 99.9%
	Option 2

	
	in-coverage, out-of-coverage and partial NW coverage
	ITS, licensed bands, FR1/FR2
	Distributed antenna support
	Positioning improvement with distributed and/or beamforming antenna
	[Use case]
· Automated driving
[Requirements]
· Horizontal accuracy< 1m
· Vertical accuracy < 1m
· Latency < 15ms
· Coverage < 100m
Availability >= 99.9%
	Option 2

	Polaris Wireless
	All
	FR1
	We agree with Nokia’s position in that sidelink-assisted positioning should be a complete solution not just V2X
	Sidelink positioning can improve both out-of-coverage, partial-covarage, and in-coverage scenarios through cooperative positioning techniques. 
	Latency, availability, reliability, accuracy
	Option 2

	Sony
	in-coverage, out of coverage and partial NW coverage
	ITS, licensed, unlicensed, FR1, FR2. (Note: Priority of FR1).
	Identify positioning techniques by utilizing sidelink communication. It can be for sidelink in general or specifically for V2X use-cases.
	Support to obtain relative positioning


	For V2X user cases (TS 22.186), we support 0.1 meters relative lateral accuracy, 0.5 meters relative longitudinal accuracy.
	Option 2

	Mitsubishi Electric
	in/out coverage 
	FR1/FR2
	Sidelink positioning for UEs which are out of coverage, assisted by UEs which are in coverage
	Accurate positioining for mobile UEs
	V2V
	Option 2

	Telefonica
	in-coverage, out-of-coverage and partial NW coverage
	ITS, licensed bands, FR1/FR2
	Sidelinkassited positioning
	Support V2X use cases and applications via sidelink for improving current Uu/GNSS based acuracy performance for in-coverage, out-of-coverage and partial NW coverage scenarios.
	0.1 m for relative lateral accuracy and 0.5 m for longitudinal accuracy for all use cases
	Option 2

	CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM
	In-coverage, out of coverage and partial NW coverage
	ITS, licensed, FR1 and FR2
	Should be studied first

	Support all side link use cases with higher accuracy and reliability .,Similarly
 UE’s with  good coverage/in-coverage can assist UE’s  in partial coverage.
	0.1 meter lateral accuracy and 0.5 meter longitudinal accuracy
	Option 2

	ESA
	all
	ITS, licensed, unlicensed, FR1
	Assisted sidelink positioning for V2X: ranging and exchange of raw measuremeents (can apply to GNSS-based relative positioning in which a V2X entity – VRU, leading vehicle in a platoon - acts as reference station).
	Besides using the sidelink for accurate ranging, studies could also include the Moving Base GNSS RTK technique. Here, V2X entities can use the sidelink to exchange GNSS measurements (code-based and carrier-based) and achieve a relative positioning with cm-level accuracy. A hybrid cooperative positioning based on GNSS-NR sidelink can be achieved. The GNSS aspect of this proposal would require studying the fitness for purpose of the current V2X design. Good potential for out of coverage scenario.
	All V2X use cases;
The GNSS Moving Base RTK is focused on V2V (platoons, etc.)
0.1 m for relative lateral accuracy;
0.5 m for longitudinal accuracy
	Option 2

	Ericsson
	In coverage, ,partial NW coverage, out of coverage
	ITS, licensed, unlicensed, FR1
	Support dense deployment for high accuracy network based positioning at designated areas in coverage. For partial/out of network coverage the device shall be made aware for how long time the provided assistance data is valid (eg for GNSS RTK)
	Support high accuracy use cases, high speed user in cases when there is temporary loss of coverage
	V2X requirements
	Option 1

	Intel
	Outdoor InC and OoC
	FR1: ITS, licensed
FR2: licensed
	Complement RAT indepenedent (e.g. GNSS/camera, etc.) positioning solutions in V2X urban scenarios

	Enable PC5 and enhance Uu based ranging for low latency accurate relaltive and absolute vehicle positioning
	Accurate vehicle positioning / tracking in outdoor only scenarios

Positioning of pedestrian UE w/ low power consumption
	Option 2

	AT&T
	All
	FR1/FR2
	Supported for network-assisted sidelink positioning 
	High accuracy/low-latency positioning and distance/Doppler estimation
	
	

	Huawei, HiSilicon
	all
	ITS, Licensed bands, FR1/FR2
	Support positioning based on NR sidelink, including higher accuracy positioning by exploring delay and angle measurements (for simple configurations in Tx and Rx) and even higher accuracy based on the angle difference observed Tx/Rx (with at least two groups of antenna arrays in Tx and/or Rx), including impact on protocols and architecture.
	Can be used for general sidelink positioning with simple configurations in Tx and Rx, as well as higher accuracy positioning with at least two groups of antenna arrays in Tx or/and Rx.
	Relative positioning with the target performance of Proposal 3 (see response to 2.1)
	Option 1 or 2

	CATT
	All
	ITS, licensed bands, FR1/FR2
	· Define evaluation scenarios for V2X positioning. Rel-16 positioning evaluation methodology needs to be enhanced to support V2X positioning with low auto Tx/Rx antenna and high blocking probability.
· Focus on physical layer design to provide accurate ranging measurements between the vehicles and develop the algorithms for sidelink positioning with improve accuracy in ranging
· Investigate advanced techniques and algorithms for V2X positioning (e.g., NR carrier phase positioning, differential NR positioning, cooperative positioning, etc.), with the consideration of accuracy, availability, reliability, scalability, TTFF, etc.
· Define new positioning measurements for supporting the V2X positioning 
· Define new physical-layer procedures to support V2X positioning 
· Extend the functional interfaces, signalling, and procedures to support V2X positioning
· Define corresponding core and performance requirements for V2X positioning
	· Support the performance targets of the positioning service levels and use cases for moving UEs as defined in TS 22.261 and TS 22.104 with RAT dependent NR positioning techniques for both FR1 and FR2 for indoor and outdoor positioning applications, targeting the corresponding performance requirements (accuracy, reliability, latency, etc.) of horizontal and vertical positioning. 

	The use cases of moving UEs and associated positioning targets of the positioning service levels defined in TS 22.261 and TS 22.104.

	Option 2

	Futurewei
	
	ITS, licensed, FR2
	Reach accurarcy good enough for lateral positioning to stay e.g., in a lane (accuracy: 0.1m). Cooperative positioning (with multiple vehicles/UE). Data fusion with sensors
	To provide the positioning needed for automated driving and other advanced V2X cases
	V2X requirements
	Option 2

	ZTE
	in-coverage, out of coverage and partial NW coverage
	ITS, Licensed bands, FR1
	Incorporate sidelink positioning to the whole positioning architecture
	Relative positioning with low latency and high accuracy for UE in high speed. But other methods like radar and visual positioning also have good performance so the commercial need is not really urgent
	 0.1 meters relative lateral accuracy, 0.5 meters relative longitudinal accuracy.
	Option2 

	Samsung
	All
	FR1/FR2
	Sidelink positioning
	Support V2X and all sidelink use cases in general.
	Automated driving. Latency, reliability, accuracy
	Option 2

	General Motors
	in-coverage, out-of-coverage and partial NW coverage
	ITS, licensed bands, FR1/FR2
	Distributed antenna and/or antenna array support
	Positioning improvement with distributed and/or beamforming antenna
	[Use case]
Automated driving
Emergency calling
Ranging to surrounding vehicles
[Requirements]
Horizontal accuracy < 1m
Vertical accuracy < 1m
Latency < 15ms
Availability >= 99.9%
	Option 2

	Toyota ITC
	in-coverage, out-of-coverage and partial NW coverage
	FR1/FR2
	Positioning using distributed antennas / array antennas
	Improvement of positioning accuracy with distributed antennas / beamforming
	All V2X use cases
	Option 2





2.3.2	NR-U Positioning Aspects
Extension of NR positioning support in unlicensed spectrum was identified as a potential work area for Rel-17 (see section 1). Companies are requested to provide scenarios along with motivation/use-case/justification and objective for positioning support in unlicensed spectrum (NR-U) and an indication of whether for study initially.
	Company
	Scenario
	Main objective
	Motivation/Justification
	Main target use case/requirement 
	SI/WI

	Company Name (there can be multiple rows per company)
	E.g., Carrier aggregation between NR and NR-U, standalone NR-U, etc. [6]
	Please provide a summary of what is intended to be achieved. 
	Please provide some brief justification for the proposed objective and any additional description or details as needed.
	Please indicate which requirement(s) are being supported
	Option 1,2,or 3


	Qualcomm
	Licensed assisted NR-U 
	Support of NR positioning using measurements of positioning reference signals in unlicensed spectrum, where control and assistance are available using licensed spectrum. This may include modification to current UL/DL RS and medium access to facilitate positioning using unlicensed spectrum.
	Support location with high accuracy, low latency and high availability for private networks and public networks which use unlicensed spectrum.
Public networks are used to provide control and assistance.
	V2X, private networks, IIoT
V2X requirements as in 2.3.1.
IIoT requirements as in 2.3.3
Private network requirements:
· Accuracy < 0.3 meters
· Latency < 100 ms
· Availability > 99.9%
	Option 2

	Qualcomm
	Standalone NR-U
	Support of NR positioning using measurements of positioning reference signals in unlicensed spectrum, where control and assistance are not available using licensed spectrum. This may include modification to current UL/DL RS and medium access to facilitate positioning using unlicensed spectrum. 
	Support location with high accuracy, low latency and high availability for V2X, private networks and IIoT with no dependence on public networks.
Support adhoc private networks (e.g. for search and rescue) where there is no public network coverage.
	V2X, private networks, IIoT
V2X requirements as in 2.3.1.
IIoT requirements as in 2.3.3
Private network requirements:
· Accuracy < 0.3 meters
· Latency < 100 ms
· Availability > 99.9%
	Option 2

	Deutsche Telekom
	LAA-NR-U, Standalone NR-U and V2X
	Not needed in Rel-17
	NR-U deployment for use cases and deployment scenarios where high accuracy positioning is needed are unlikely in the Rel-17 timeframe.
	Non
	Deferto Rel-18

	vivo
	Licensed assisted and standalone NR-U
	Not considered in Rel-17
	The motivation of positioning support in unlicensed spectrum is not clear.
	N/A 
	For future release

	CMCC
	Licensed assisted and standalone NR-U
	Agree with vivo that NR-U positioning is not considered in Rel-17
	Agree with vivo
	NA
	Defer to future release

	Nokia
	Standalone NR-U and licensed-assisted 
	Identify and specify necessary enhancements or modifications to existing positioning solutions for support in unlicensed bands
	Support of positioning solutions in unlicensed bands is desirable in Rel-17. 
	Accuracy, reliability, latency.
	Option 1

	LGE
	NR-U CA, standalone
	Uu-based indoor (IIoT) positioning
	· High accuary indoor positioning on unlicensed band
WI can start after studying the feasibility and requirements
	[Use case]
Indoor IIoT positioning
	Option 3

	Sony
	Licensed assisted NR-U 
	Same as Qualcomm
	Focus on both private and public networks. 
Focus on supporting NR positioning techniques from Rel-16 (DL-based, UL-based, DL/UL based) in NR-U.
	At least same requirements as NR POS Rel-16 requirements


	Option 2, or 3

	Sony
	Standalone NR-U
	Same as Qualcomm
	Focus on adhoc private networks and supporting NR positioning techniques from Rel-16 (DL-based, UL-based, DL/UL based) in NR-U.
	At least same requirements as NR POS Rel-16 requirements


	Option 2, or 3

	Telefonica
	Licensed assisted NR-U and standalone NR-U
	Notconsidered in Rel-17
	Agreewith Vivo 
	N/A
	ForfutureRelease

	Ericsson 
	Licenseassisted( standalone)
	Support of NR positioning in unlicensed spectrum
	Support of additional spectrum oppportunity for NR positioining
	All usecases
	Option 2

	Intel
	Indoor & outdoor deployments

FR1: unlicensed

Non-standalone NR-U with higher priority
	Enable LBT based channel access for transmission of positioning reference signals and ensuring co-existence in unlicensed spectrum
	Explore benefits of wideband channel allocations in FR1 unlicensed spectrum for accurate positioning
	Accurate low latency positioning for all positioning use cases and target requirements
	Option 2


	Huawei, HiSilicon
	Hybrid positioning using both licensed and unlicensed bands (e.g.  with CA)
	Licensed band provides the measurements that needs small overhead of PRS (e.g. angles) and unlicensed band provides the measurements with large overhead of PRS (e.g. high-accuracy TDOA/RTT measurements). 
	Pros: Licensed band has limited resource allocated for positioning whereas large radio resource (e.g. bandwidth) is available in unlicensed band. 

Cons: Unlicensed band may suffer from unexpected interference and cannot ensure the periodic transmission of reference signals, so it cannot guaranttee the latency and reliablity for positioning. 

Support of positioning with unlicensed band alone is not a priority.
	Best effort enhancement of the positioning accuracy
	Consider for future release

	CATT
	Carrier aggregation between NR and NR-U
	· Define evaluation scenarios for NR-U positioning. 
· Focus on the PRS design for NR-U positioning 
· Investigate advanced techniques and algorithms for combining the NR and NR-U positioning to improve accuracy, availability, reliability, scalability, TTFF, etc., especially for CA cases.
· Define new positioning measurements for supporting the NR-U positioning 
· Define new physical-layer procedures to support NR-U positioning 
· Extend the functional interfaces, signalling, and procedures to support NR-U positioning
· Define corresponding core and performance requirements for NR-U positioning
	· The PRS in unlicensed band could also be used for the positioning estimation in licensed band for supporting the performance targets of the positioning service levels and use cases for moving UEs as defined in TS 22.261 and TS 22.104 with RAT dependent NR positioning techniques for both FR1 and FR2 for indoor and outdoor positioning applications, targeting the corresponding performance requirements (accuracy, reliability, latency, etc.) of horizontal and vertical positioning. 

	The use cases of moving UEs and associated positioning targets of the positioning service levels defined in TS 22.261 and TS 22.104.

	Option 2

	ZTE
	Licensed assisted and standalone NR-U
	Not considered in Rel-17
	The motivation of positioning support in unlicensed spectrum is not clear.
	N/A 
	For future release

	Samsung
	standalone NR-U
	Support NR positioning in unlicensed spectrum without assistance from licensed carrier
	Support of location with accuracy for a network operating in unlicensed bands without assistance from licensed carrier
	[Use case]
Private network
	Option 2





2.3.3	(Industrial-) IoT Positioning Aspects
Factory/campus positioning/IoTwas identified as a potential work area for Rel-17 (see section 1). Companies are requested to provide the motivation/use-case/justification and objective for positioning support specifically for (I)IoT aspects which are not already covered by the general enhancements discussed in section 2.2, together with an indication on whether a study item phase is needed/recommended or whether normative work can begin immediately.

	Company
	Main objective
	Motivation/Justification
	Main target use case/requirement 
	SI/WI

	Company Name (there can be multiple rows per company)
	Please provide a summary of what is intended to be achieved. 
	Please provide some brief justification for the proposed objective and any additional description or details as needed.
	Please indicate which requirement(s) are being supported
	Option 1,2,or 3


	Qualcomm
	Support of very low latency and high accuracy for an IIoT LCS client which is external to a 3GPP network (e.g. a server). 
	Support of user cases associated with IIoT including automated factory, automated warehouse.
	IIoT
Position update interval < 100 ms
Accuracy < 0.2 meters
Latency < 100 ms
Availability > 99.9%
	Option 2

	Deutsche Telekom
	See ourinputto 2.1
	See ourinputto 2.1
	See ourinputto 2.1
	See ourinputto 2.1

	vivo
	Study enhancements to Rel-16 NR DL/UL PRS/SRS and related measurements in IIoT scenario.
	To support all IIoT use cases
	0.2 meter as the positioning accuracy target
	Option 3

	Fraunhofer IIS,
Fraunhofer HHI
	Measurements and signaling enhancements to support high accuracy and low latency targets.   

	The industrial channel is a more challenging than the indoor environments analyzed in Rel-16 especially in terms of accuracy. Enhancement might be necessary to reporting and RS configuration for accuracy and latency requirements.
	All industrial use cases.
	Option 2

	CMCC
	Support of enhancements of Rel-16 positioning and further advanced positioning techniques in IIoT scenarios
	To support the stringent requirements of IIoT use cases
	All IIoT use cases;
0.2 m accuracy;
	Option 2

	Nokia
	Support general enhancements of positioning to meet IIoT use cases
	See our comments in Section 2.1 and 2.4.
	See our comments in Section 2.1 and 2.4.
	Option 2.  Support of IIoT is a high priority; evaluations should be done first to check the acheivable accuracy.

	LGE
	Low-power IoT positioning
	· Long-battery-life positioning operation
WI can start after studying the feasibility and commercial needs
	[Use case]
Positioning beacon
	Option 3

	Sony
	Support industrial IoT applications that typically require high accuracy and low latency positioning.
	NR IIoT is supported in Rel-16: However, it has not considered positioning feature that is suitable for industrial IoT use-cases. We need to address this. Industrial IoT for constrained devices (e.g. NR light) is not within the scope.

	At least indoor case (e.g. gNB is indoor and/or outdoor) and considering IIoT channel model.
Requirements, see 22.804


	Option 2

	Mitsubishi Electric
	Please see our response in Section 2.2
	Please see our response in Section 2.2
	IIoT use cases
	Option 2

	Telefonica
	Support enhancements for high accuracy and low latency in IIoT scenarios in Rel-17
	All industrial use cases
	Accuracy: 0.2 meters for industrual use cases
	Option 2

	CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM
	Cosnsider deep indoor scenario with lower latency and  higher accuracy & reliability
	All IIoT usecases 

	Position update interval less than 100 ms
Accuracy less than  0.2 meters
Latency less than 100 ms
Availability  99.9%
	Option 2

	Ericsson
	Support for IIoT positioning
It is unlikely that the 3GPP Rel-16 methods will fulfill the tightest manufacturing requirements 

· Identify Positioning Techniques from Rel-16 which is most suitable for I-IoT and study if further enhancement would be required
· New channel model for industrial indoor within Rel-16
· 

	IIoT positioning requirements

	In manufacturing use cases, the requirement may exceed the ones Rel16 is based on, e.g.Positioning accuracy of < 1m is required for many indoor manufacturing use-cases.
Requirement example from 22.672: The 5G system shall be able to provide positioning service with [50] cm horizontal position accuracy, [1-3] m vertical position accuracy, and less than [20] ms latency for the moving UE at the speed of [50] km/hour indoor, taking into account at least a service area from [1 000 to 100 000] m².
Larger area than currently considered indoor cases, very low latency and high accuracy, relatively high speed.
	Option 2

	Swisscom
	Provide single unified solution to track object in factories to keep a real time view of the inventories and positions of objects
	Other tracking solution works either outside or with tracking of beacons passage throught doors or dedicated detectors. The tracking should not rely on beacons installed in specific location but be based on the deploy connectivity network.
	· Seamless localization service continuation between on-campus and on-premise (for instance for a forklift)
· Seamless localization service continuation between campus- and macro networks
· Precision accuracy of 30cm indoor and outdoor on x, y and z axis
· 10’000 items to be localized in one cell at a periodicity of 1 sec or less (defines latency herewith)
· Precision reliability 30cm or less in 99.999% of the cases (see table below)
· Network Slicing support for localization
· Positioning has to work independent of used antenna types (AAS, passive, etc.)
· Processing should not force to change baseband HW
· API Support for 3rd party applications to access the positioning- or localization-data
· Active probing support (like a group call)
· Low-Power-IoT support
Should work across all available licensed bands
	

	Philips
	Low-power IoT positioning
	eHealth use cases
	· Accuracy: <3m horizontal &<2m vertical
	Option 2

	Intel
	Low latency precise positioning in local private networks build based on 3GPP RAT. Deployments optimized for positioning can be considered
	Enable low latency precise positioning in local private networks build based on 3GPP RAT
	· Low latency, high precision positioning in indoor environments
	Option 2

	Huawei, HiSilicon
	Multipath assisted positioning
	Requiring at least 3 LOS gNBs for Rel-16 postioning techniques (e.g. DL-TDOA, UL-TDOA, Mulit-RTT) is sometimes too strict to the operators to build the positioning network. Multi-path assisted positioning further exploits the temporal and spatial information converyed by the NLOS paths, thus enables single-Node positioning.
	· Absolute positioning with the target performance of Proposal 2 (see response to 2.1).
	Option 1

	Huawei, HiSilicon
	Low power positioning for NR MTC type of devices 


	The MTC type of devices are mostly in static status in time and low power consuption is important to the devices. In addition to the idle/inactive states positioning, explore the other event-triggered positionings, for example UE motion triggered, and enable the support of positioning for NR MTC UEs with reduced BW and Rx antennas (as considered in NR Light, if specified).
	Absolution positioning with the target performance of Proposal 1 (see response to 2.1).
Positioning device with lower power consumption.
	Option 2

	Huawei, HiSilicon
	Sidelink-aided positioning
	To achieve the target performance of high accuracy, the relative position between UE can be further used to improve the positioning accuracy of each individual UE.
	· Absolute positioning with target performance of Proposal 2 (see response to 2.1).
	Option 2

	CATT
	· Define evaluation scenarios for IIOT positioning. 
· Focus on the PRS design for IIOT positioning 
· Investigate advanced techniques and algorithms for IIOT positioning to improve accuracy, availability, reliability, scalability, TTFF, etc..
· If necessary, define additional positioning measurements for supporting IIOT positioning 
· Define new physical-layer procedures to support IIOT  positioning
· Extend the functional interfaces, signalling, and procedures to support IIOT positioning
· Define corresponding core and performance requirements for IIOT positioning
	· Supporting the performance targets of the positioning service levels and use cases for IIOT (e.g., indoor positioning service of autonomous vehicles with horizontal positioning accuracy better than 50 cm, 99% availability, latency of 1 s for positioning estimation of a moving UE at a speed up to 30 km/h) as defined in 3GPP TS 22.804, TS 22.261. 

	The use cases of IIOT (e.g.,
Positioning requirements in flexible production scenarios [TS 22.804]) and associated positioning targets of the positioning service levels defined in TS 22.261.
	Option 2

	Futurewei
	Provide positioning solutions and accuracy for industrial IoT (high accuracy, low latency). Provide positioning with a large number of LMUs. Focus on FR2
	Factory Use Case
	0.1m accuracy 
	Option 2 or 3

	ZTE
	Low power consumption positioning with narrow band
	Low power consumption is a key requirement in many  IIOT use cases.
	All IIoT use cases; 0.2 m accuracy; 
	Option 2

	Samsung
	Low complexity IoT positoning
	Long battery life and low complexity devices
	All industrial use cases
	Option 3



2.3.4	RAT-Independent Positioning Aspects
Companies are requested to provide the motivation/use-case/justification and objective for "RAT-independent" positioning aspects (e.g., GNSS enhancements) together with an indication on whether a study item phase is needed/recommended or whether normative work can begin immediately.
	Company
	Main objective
	Motivation/Justification
	Main target use case/requirement 
	SI/WI

	Company Name (there can be multiple rows per company)
	Please provide a summary of what is intended to be achieved. 
	Please provide some brief justification for the proposed objective and any additional description or details as needed.
	Please indicate which requirement(s) are being supported
	Option 1,2,or 3


	Qualcomm
	Extend support of NavIC to NR and EUTRA connected to 5GC.  
	NavIC is added in Rel-16 for LTE and should be extended to NR in Rel-17
	All user cases for outdoor scenarios
	Option 1

	Deutsche Telekom
	Enhancements to RAT-Independent positioning via GNSS are needed in the area of security and integrity [see for example SwiftNav proposal in RP-191919].
	Solutions should be studied and eventually standardized allowing cellular network to play a role in increasing the security and integrity of GNSS information and GNSS correction information
	All
	Option 2

	[bookmark: _Hlk23019158]Fraunhofer IIS,
Fraunhofer HHI
	[bookmark: _Hlk23030026]Enhancement for positioning protocol to support seamless positioning for moving devices. 
	For applications where the target device position is changing and the right choice of positioning methods is varying as well. 

	Reduce device power consumption and lower latency. 
	Option 1

	Nokia
	Improved vertical positioning accuracy for regulatory use cases
	Current regulatory requirements from FCC is to meet 3m vertical positioning accuracy which in most situations can be used for floor level positioning of emergency callers. Improving this to 1m to 2m will provide better confidence of locating the user at floor level consistently.
	Accuracy and reliability
	Option 3

	Swift Navigation
	Define positioning Integrity KPIs and extensions to enhance Reliability of High Accuracy GNSS Assistance data in support of Service requirements for the 5G system [3]. Examples of Integrity KPIs include Alert Limit, Target Integrity Risk, Protection Level etc. Examples of Integrity events include satellite feared events, atmospheric events, network events etc.

Positioning Integrity is defined in the Study on positioning use cases [TS 22.872] as a ‘measure of the trust in the accuracy of the position-related data provided by the positioning system and the ability to provide timely and valid warnings to the UE and/or the user when the positioning system does not fulfil the condition for intended operation.’
	Demand for high accuracy positioning in mobile is increasing and expanding to new markets. Rel-16 adds support for high accuracy GNSS Assistance Data using SSR broadcast messages which are scalable [4]. Despite advances in accuracy, LPP does not yet include Integrity elements to inform the UE that the positioning system and related GNSS data is functioning as intended (see examples in RP-191919). Integrity validation is important for identifying and signaling potential fault and error conditions to the UE, in particular the conditions which arise at the levels of accuracy supported by SSR (down to 0.1m or better).

The absence of Integrity validation will limit adoption of high accuracy positioning if the Integrity warnings and related messages produced by positioning service providers are not included in the standard alongside the correction messages sent to the UE. Adding integrity extensions to GNSS Assistance data via LPP and related specifications can overcome these difficulties. Release 17 should identify the required positioning integrity KPIs and IEs needed to support the use cases and Service requirements for the 5G system [3].
	Requirements [3]:
- ‘The 5G system shall be able to determine the reliability, and the uncertainty or confidence level, of the position-related data.’

Use Cases:
All use cases for outdoor scenarios benefit from enhanced Integrity. It is crucial for applications requiring Absolute and Relative positioning accuracy to support the intended function (both individually and for hybrid positioning modes). Key use cases [22.872] include:  Emergency & Mission Critical, Road, V2X, eHealth, LBS, Rail & Maritime, Aerial (e.g. UAVs). Further examples are given in RP-191919.
	Option 2

	Sony
	Support hybrid RAT dependent and RAT independent solutions
	NR RAT dependent is established in Rel-16 and NR RAT independent is already part of Rel-15 (same as LTE RAT independent. Hence, it is now time to investigate the hybrid solutions. 
TS 22.261 states the positioning requirements can be fullfiled with the hybrid RAT dependent and independent solutions.
	All use cases for both indoor and outdoor scenarios


	Option 1

	Mitsubishi Electirc
	Support for verification of integrity and authentificationofcorrection information to enhance reliability of assistance information
	Integrity verification is needed for safety of users (e.g., mobile UEs) and authentification is needed to prevent malicious takeover of correction information
	All use cases for outdoor scenarios
	Option 2

	Mitsubishi Electirc
	Support of bandwidth-efficient format of corretion information
	IoT devices may be provided with very narrow bandwidth. In such cases, bandwidth efficient format of correction information is needed.
	All use cases for outdoor scenarios
	Option 3

	Telefonica
	Agree with Sony
	Agree with Sony
	Agree with Sony
	Option 2

	CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM
	Support for NavIC in NR and E-UTRA
	NavIC WID is agreed in Rel 16 for LTE. It’s support needs to be extended further for other RAT in Rel 17.
	All use cases
	Option 1

	CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM
	Enhance the A-GNSS support for NB-IoT

	Battery optimization with respect to UE A-GNSS for  NB-IoT should be standardized
	All use cases
	Option 1

	ESA
	Minimum performance for high-accuracy GNSS
	Currently the minimum performance for GNSS techniques exhibits requirements driven by the conventional A-GNSS (not a high accuracy technique). These performance requirements are not characteristic to RTK, N-RTK, SSR (PPP and PPP-RTK)
	Minimum performance for HA-GNSS accuracy
	Option 1

	ESA
	Integrity in the positioning domain
	We agree with DT and Swift and would like to propose additional items besides the integrity/quality/reliability of GNSS information provided by cellular networks. We propose to consider integrity in the position domain in general. Besides the obvious case of providing UEs with indicators about the reliability of the assistance data we see other benefits as well. For instance, in Aerial communication configuring an aerial UE with appropriate height threshold can be used by the network to keep under control interference generated by aerial UEs. From Release 16 NR Positioning SI ´s conclusion is clear that vertical location is still a challenge. In the context of aerial UE, false reporting of breaching/not breaching the height threshold can happen and is triggered by the uncertainty in the vertical location. Therefore, we propose to study enahncements to vertical and horizontal location such as protection levels, etc. The study should focus on enabling both the UE and the RAN in contributing to achieving integrity in position domain.
	Use Cases:
· All commercial use cases
intereference mitigation in cellular networks  
	Option 2

	ESA
	Cooperative-positioning based on GNSS and NR sidelink in V2X
	See our answer in 2.3.1
	See our answer in 2.3.1
	Option 2

	UIC
	UE positioning
	What confidence level of the positioning informatiion can be achieved using hybrid positioning and when further additional sources can be added.
	Oudoor scenario at speed up to 500km/h
	Option 2

	UIC

[late input]
	Positioning information integrity 
	The reliability of position information especially external sources e.g. GNSS or IMU can have a direct influence on the position of a train and subsequent trains. If position information is faulty, this can have an impact on safety. It is therefore essential to ensure the integrity of position information from additional positioning sources.
	Outdoor
	Option 2

	Ericsson
	Realtime integrity enhancements to GNSS RTK
	Realtime integrity was addressed in Rel16, but it is important to identify remaining components
	Outdoor
	

	Ericsson
	Adding support for recent additions to Bluetooth positioning
	Recently, there has been additions to BLE specifications to add angle of arrival/departure and also ranging
	Indoor
	Option 2

	Ericsson
	Improve barometric pressure sensor positioning method to enhance height estimation.

	Readings from bps can be fused with motion-sensor and the confidence level of bps reading can be improved
	Improvingverticalcomputaion
	Option
1

	Verizon
	Our other wishes:
[Other wish-1] Maintain location accuracy in dense urban area even in the presence of reflections.
[Other wish-2] Provide a method for connecting an RTK network via RTCM data stream to LTE and 5G headend equipment.
[Other wish-3] Provide a method to broadcast or unicast correction data to UEs over LTE/5G control plan.
[Other wish-4] Provide way for UE to communicate vertical measurement (in meters) by control plane back to the E-SMLC, the LBS infrastructure and the E-911 infrastructure..
[Other wish-5] Provide way for UE to communicate predicted floor level by control plane back to the E-SMLC, the LBS infrastructure and the E-911 infrastructure..
	
	
	

	Philips
	Agree with Sony, Nokia and ESA
	Agree with Sony, Nokia and ESA
	Agree with Sony, Nokia and ESA
	Option 2

	Huawei, HiSilicon
	We expect work on India NAVIC for NR in Rel-17
	Support for NAVIC is introduced for LTE in Rel-16, there is demand from India to support NAVIC with NR.
	Support of Navic with NR
	Option 1

	CATT
	1) Specify solutions for high accuracy positioning for A-BDS
a. Support multiple-frequency positioning:
i. Introduce new signal, e.g. B2a, which can be used together with B1C.
b. Support RTK, PPP, SSR for A-BDS:
Define extensions of LPP protocol to support GNSS RTK, PPP and SSR definitions specified for A-BDS for both LTE and NR;
	1) B1C is introduced in Rel-16. To support multiple frequencies positioning to improve the accuracy, the signal B2a also should be introduced in A-BDS.
2) Similar to GPS and GLONASS, RTK, N-RTK, PPP, SSR also should be supported for BDS.

	High accuracy positioning use cases.
	1

	General Motors
	Supporting delivery of State Space Representation (SSR) GNSS corrections through the MNO control plane.
	Reduction of positioning effort for automated driving.
	Outdoors and autonomous driving use cases.
	Option 2





2.4	Scenarios and evaluation methodology
During the NR Rel-16 Positioning Study Item [4] an evaluation methodology, scenarios and performance metrics were developed. Companies are invited to provide their views on whether any changes or additions to the evaluation methodology is required (e.g., any additional scenarios, channel models, parameter, etc.). If the need for any change and/or new scenario is required for a specific technical area and objective discussed in sections 2.2 and 2.3 above, please indicate the specific technical area. Please also indicate if any of the required additional evaluation methodologies and scenarios are available from other (e.g. non-positioning) studies. 
	Company
	Views on the evaluation methodology, scenarios, performance metrics

	Qualcomm
	Reuse channel models for Rel-16 where possible.
As part of the SI, agree channel models and scenarios for V2X, NR-U and IIoT – based on already defined channel models and scenarios for each feature (e.g. from TR 38.901 and IEEE spec.s).
Consider revision of channel models and scenarios in TR 38.855 if needed to better evaluate solutions.

	vivo
	Adopt the corresponding channel models and scenarios for V2X, and IIoT. 
On the potential performance metrics, given that there may be latency requirements for some use cases, e.g., V2X and IIoT, we think a study on how to model positioning latency is necessary as part of Rel-17 work.

	FraunhoferIIS,
Fraunhofer HHI
	Define a common baseline for the analysis based on TR38.901 including adjustments needed to address positioning effects.
Include device power consumption per position instant in the analysis (for example by defining a cost function for each of UL/DL, UL and DL methods).

	CMCC
	· Update the gNB antenna configurations to evaluate the angle-based solutions to achieve the vertical positioning accuracy in a more practical way.From the evaluation assumptions in Rel-16 study item, both AoA and ZoA are estimated using the antenna elements. In gNB implementations, however, two or three antenna elements are mapped to one TXRU in the vertical direction. In Rel-17evaluations, the antenna elements to TXRU mapping should be considered in the gNB antenna configurations.
· Update the channel models and scenarios for V2X and IIoT.

	Nokia
	The recently completed InF scenario (which now includes absolute ToF modeling) should be used to evaluate the Rel-16 positioning solutions to determine the positioning performance achievable for IIoT with system level simulations. These evaluations can help determine if/what enhancments are needed in Rel-17 to meet the challenging positioning requirements of various IIoT use cases. Evaluations of other scenarios such as UMi with outdoor UEs should not be precluded but the focus should remain on meeting positioning requirements of IIoT. A study item phase can be conducted to perform these evalutions, further refine the requirements, and identify the necessary enhancements (if needed) that should be specified during Rel-17 normative work to meet those requirements. 

	LGE
	Positioning evaluation methodologies developed in Rel.16 NR positioning SI/WI are the starting point

	Sony
	We may consider some new scenarios (other than the scenarios in TR 38.855) to evaluate enhancements positioning accuracy (better than rel.16).
For industrial IIoT, we need to consider the new IIoT channel model as in 38.901
For V2X and NR-U, we need to define a realistic scenario which reflect those use-cases for the positioning measurements/estimations purposes. It may be based on some of the existing scenarios that have been commonly used in V2X and NR-U.

	Mitsubishi Electric
	For RAT dependent techniques, evaluate their performancesusing IIoT channel models.

	Ericsson
	Consider recently specified channel model for industrial scenarios, define relevant scenarios for the considered use cases, levering on the Rel 16 scenarios where possible 

	Intel
	In general, it is desirable to reuse evaluation methodology as much as possible from existing frameworks. For R17, it is desirable to consider limited number of scenarios. Based on discussion the following scenarios can be foreseen: 1) NR V2X Urban scenario, 2) the baseline IIoT scenario and 3) Scenario for 3D positioning evaluations; 4) NR-U. At the same time, it seems RAN1 discussion on evaluation methodology is unavoidable and should focus on definition of scenarios / assumptions for new positioning scenarios including channel models and whether they are suitable for evaluation of various NR positioning measurements and techniques.

	Huawei, HiSilicon
	1. For the general postioning enhancement, the evaluation methodology in the SI [4] can be the starting point. 
· The channel model 38.901 should be modified because the delay of the first path in NLOS channel is still the LOS path delay, and hence modified channel model of 38.901 should be studied in Rel-17.
2. Add sidelink positioning scenario and evaluation methodology
· Adopt modified SCM channel model to evaluate sidelink positioning, because current sidelink channel model based on CDL-model can not well support angle estimation.
· Take Rel-16 V2X sidelink configuration as the starting point. Consider both FR1 and FR2. Consider the configuration that Tx and Rx have multiple antenna array installed.
3. Add (Industrial-) IOT positioning scenario and evaluation methodology
· Adopt the IIOT channel model for positioning evaluation
Performance metrics: positioning accuracy at a given CDF value is the most important metric for evaluation. End-to-end latency is also important in the study of low-latency services.

	CATT
	In addition to the scenarios defined in TR 38.855 during the NR Rel-16 Positioning Study, new scenarios are needed for the evaluation of the use cases defined in TS 22.261, V2X, IIOT and NR-U positioning. For V2X positioning, the evaluation scenarios (along with the simulation profiles, parameters, and resource allocation modes, etc.) can be developed based on the modification of the evaluation scenarios defined in TR 38.885 for V2X data communication. For IIOT positioning, the evaluation scenarios (along with the simulation profiles, parameters, and resource allocation modes, etc.) can be developed based on the modification of the evaluation scenarios defined in TR 38.855 in Rel-16.

	Futurewei
	TR38.855 from R16 should be the baseline especially on the evaluation methodology. For positioning in NRU and IIOT, already defined channel model should be the basis for possible revision of what we have in R16 for V2X. 


	ZTE
	The basic principle should be reusing the Rel-16 channels as much as possible and consider the newly specified channel model for industrial scenarios is necessary.

	Samsung
	Rel-16 as a starting point.





2.5	Other topics/areas
Companies are invited to provide views on topics (if any) other than those discussed above.
	Company
	View on other topics

	Nokia
	The target use cases to be included in the final draft WID objectives should be aligned with the Rel-17 topics under discussion now. The study need not focus on a use case for which we do not have a corresponding WID/SID in Rel-17.

	LGE
	Network timing synchronization for high accuaracy positioning can be investigated/developed for Rel.17 positioning enhancement. Considering conventional TDOA-based positioning error is highly dependent on the network timing synchronization error, a method for enhancing network synchronization is the simplest way of positioning enhancement in Rel.17 WI.

	Intel
	NR RIBS. The scope of NR RAT based synchronization framework may have correlation w/ NR Positioning. Given that accurate gNB/TRP synchronization is important for multiple positioning solutions, it is preffered to discuss RAT based synchronization if agreed under the same scope or make an assumption on network synchronization level that can be achieved.

R16 NR positioning enhancements identified and down-prioritized in R16 NR positioning SI should be also considered in drafting stage of the R17 SI/WI scope

Wide Scope. The scope of R17 SI/WI seems to be quite broad. RAN1 may need to discuss work prioritization before/after the SI phase. The NR-U positioning can be considered as a candidate for de-prioritization.

	CATT
	In addition to the scenarios defined in TR 38.855 during the NR Rel-16 Positioning Study, new scenarios are needed for the evaluation of the use cases defined in TS 22.261, V2X, IIOT and NR-U positioning. For V2X positioning, the evaluation scenarios (along with the simulation profiles, parameters, and resource allocation modes, etc.) can be developed based on the modification of the evaluation scenarios defined in TR 38.885 for V2X data communication. For IIOT positioning, the evaluation scenarios (along with the simulation profiles, parameters, and resource allocation modes, etc.) can be developed based on the modification of the evaluation scenarios defined in TR 38.855 in Rel-16.

	Ericsson
	Support for Massive IoT positioning
· Enable very low power transmission, narrow bandwidth with high accuracy
· Enhance Signal repetitions, long periodicity, 
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3. 	Summary of Use Cases and Performance Targets for Rel‑17 NR Positioning
NOTE:	The following summarizes some key aspects on use cases and performance targets provided by the individual companies. For more details, please refer to section 2.1.
References:
3GPP TS 22.261: "Service requirements for the 5G system; Stage 1".
3GPP TS 22.186: "Enhancement of 3GPP support for V2X scenarios; Stage 1".
3GPP TR 22.804: "Study on Communication for Automation in Vertical Domains".
3GPP TR 22.872: "Study on positioning use cases; Stage 1".

34 companies provided input on the use cases and positioning requirements for NR Rel-17. 
In addition to general commercial uses cases (e.g., with reference to the positioning service levels in TS 22.261, subclause 7.3.2.2; and considering both, public and private networks), the following specific use cases were mentioned:
V2X use cases:	22 companies (Qualcomm, vivo, CMCC, LGE, Sony, Telefonica, CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM, ESA, Ericsson, Verizon, Intel, AT&T,Huawei, HiSilicon, Futurewei, ZTE, CATT)
(I)IoT use cases (incl., "Factories of the Future"/Factory automation, etc.): 26 companies (Qualcomm, Deutsche
 Telekom, vivo, CMCC, Nokia, LGE, Sony, Mitsubishi Electric, Telefonica, CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM, ESA, Acorn, Ericsson, Swisscom, Intel, AT&T, Huawei, HiSilicon, Futurewei, ZTE, CATT)
Other use cases:
Unmanned Aerial Vehicle (UAV): 					LGE, Intel
Additional regulatory use cases/Public safety: 	Polaris Wireless, Ericsson
Rail use cases: 										International Union of the Railways (UIC)
Augmented/Virtual Reality: 						Verizon
eHealth: 												Philips
High accuracy positioning for A-BDS				CATT

In addition to positioning accuracy, the following Key Performance Indicators (KPIs) and attributes for positioning use cases were mentioned:
NOTE: It is assumed that the general definitions of these KPIs in TR 22.872, subclause 5.1.1 apply. 
-	Latency: 		15 companies (Qualcomm, Deutsche Telekom, Fraunhofer IIS, Fraunhofer HHI, 
Nokia, LGE, Swift Navigation, Sony, International Union of the Railways, Intel, AT&T, Huawei, HiSilicon, CATT, ZTE)
-	Availability		6 companies (Qualcomm, Swift Navigation, Telefonica, Ericsson, CATT, ZTE)
-	Scalability		8 companies (Qualcomm,Deutsche Telekom, Nokia, Telefonica, Acorn, Ericsson, Intel, ZTE)
-	velocity			6 companies (Deutsche Telekom, LGE, UIC, Ericsson, Verizon, AT&T, CATT)
- 	heading			1 company (Deutsche Telekom, UIC)
-	Energy Efficiency/power consumption: 	8 companies (Deutsche Telekom, Fraunhofer IIS, Fraunhofer HH, 
Swift Navigation, Sony, Telefonica, Acorn, Intel)
	-	Efficient network resource utilization: 1 company (Deutsche Telekom)
	- 	Device complexity: 3 companies (Fraunhofer IIS, Fraunhofer HHI, Acorn)
	-	Continuity/seamless service: 1 company (Deutsche Telekom)
	-	Reliability: 5 companies (Fraunhofer IIS, Fraunhofer HHI, Nokia, Swift Navigation, Mitsubishi Electric)
	- 	Integrity: 3 companies (Swift Navigation,Mitsubishi Electric, International Union of the Railways)

Summary of specific position accuracy requirements proposed for NR positioning in Rel-17:
	Company
	General commercial use cases
	V2X use cases
	IIoT use cases

	Qualcomm
	< 0.3 meters (3D)
	<0.1 m lateral
<0.5 mlongitudinal
	< 0.2 m

	Deutsche Telekom
	Horizontal 1-10 m (depending on environment);
Vertical < 3 m
	
	Horizontal < 0.1 m
Vertical < 1m

	vivo
	
	< 0.1 m lateral
< 0.5 m longitudinal
	< 0.2 m

	Fraunhofer IIS,
Fraunhofer HHI
	outdoor <3m and <1m
indoor <1m and <0.3m

	CMCC
	
	< 0.1 m lateral
< 0.5 m longitudinal
	< 0.2 m

	Nokia
	0.2 m

	LGE
	Positioning service levels 3 – 7 (TS 22.261)
Horizontal 0.2 – 1 m; vertical 0.2 – 2m

	Swift Navigation
	Horizontal < 0.1 m

	Sony
	< Rel-16 targets
	< 0.1 m lateral
< 0.5 m longitudinal
	< 0.2 m (3D)

	Telefonica
	
	< 0.1 m lateral
< 0.5 m longitudinal
	< 0.2 m horizontal
< 1 m vertical

	ESA
	
	< 0.1 m lateral
< 0.5 m longitudinal
	< 0.2 m

	Ericsson
	< 0.3 meters (3D)
	< 0.1 m lateral
< 0.5 m longitudinal
	< 0.1 m

	Verizon
	Outdoor: Horizontal 0.02 – 0.5 m; vertical 0.04 – 0.5 m (dependent on environment)
Indoor: Vertical < 1m

	Philips
	Indoor: horizontal < 3m;  vertical<2m
Outdoor: horizontal <10m; vertical < 2m

	Intel
	horizontal < 0.5m

	AT&T
	
	horiztonal  0.1m - 0.2m; veritical< 1m

	Huawei, HiSilicon
	Outdoor: Horizontal < 5 m; vertical <2 m
Indoor: Horizontal <1m; vertical  <2m
	< 0.3 m lateral
< 0.5 m longitudinal
	< 0.5m horizontal
< 2m vertical

	CATT
	Positioning service levels 2 – 7 (TS 22.261)
Horizontal 0.2 – 3 m; vertical 0.2 – 3 m

	Futurewei
	
	< 0.1 m lateral
< 0.5 m longitudinal
	< 0.2 m

	ZTE
	< 0.5 m (3D)
	< 0.1 m lateral
< 0.5 m longitudinal
	< 0.2 m

	CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM
	< 1m vertical positioning
	< 0.1 m lateral
< 0.5 m longitudinal
	< 0.2 m

	Samsung 
	Positioning service levels (TS 22.261)
Horizontal 0.1 m



Summary of specific latency/update rate requirements proposed for NR positioning in Rel-17:
	Company
	General commercial use cases
	V2X use cases
	IIoT use cases

	Qualcomm
	<100 ms
	
	<100 ms

	Deutsche Telekom
	
	
	<10-100 ms

	Nokia
	10 ms

	LGE
	Positioning service levels 3 – 7 (TS 22.261)
10 ms – 1 s

	UIC
	< 1 s, Positioning sevice levels 2, 3 (3GPP TS 22.261) at speed up to 500km/h
	
	

	Ericsson
	
	<100 ms
	10 ms – 100 ms

	AT&T
	
	10 - 100 ms

	Intel 
	< 100 ms

	CATT
	Positioning service levels 2 – 7 (TS 22.261)
10 ms – 1 s

	ZTE
	< 100 ms





	Proposal 1:
To address the higher accuracy location requirements resulting from new applications and industry verticals, NR Positioning in Rel-17 should evaluate and specify enhancements and solutions to meet or exceed the following performance targets:
(a) For general commercial use cases (e.g., TS 22.261):
	-	sub-meter level position accuracy (< 1 m)
(b) For V2X Use Cases (e.g., TS 22.186):
	-	relative lateral position accuracy of 0.1 m 
	- 	relative longitudinal position accuracy of less than 0.5 m
(c) For IIoT Use Cases (e.g., 22.804):
	-	position accuracy < 0.2 m
The target latency requirement is < 100 ms; for some IIoT use cases, latency in the order of 10 ms is desired.
How these performance targets can be achieved, in which scenarios and under which conditions, should be evaluated and analysed in a Study-/Work Item Phase.




Companies are requested to provide feedback on the above proposal, including:
-	any specific modifications or additions where necessary;
- 	priority for Rel-17 (high, medium, low, not needed). Priority can also be indicated per sub-item.

	Company
	Priority for Rel-17
	Comments

	Nokia
	(a),(c) high,
(b) medium
	It is proposed that RAN WGs study which accuracy and latency improvements are achievable in the timeframe of Rel. 17. Evaluations should first be carried out for Rel-16 positioning functionality, and the impact of implementation- and/or deployment-based solutions should be considered. Enhancements should only be specified where existing functionality and implementation- and deployment-based solutions are found to be insufficient. 

	Qualcomm
	High
	We consider all the objectives for Proposal 1 to be high priority for Rel-17

	vivo
	H(a, b), M( c)
	It is proposed to consider the above accuracy and latency performance requirements as part of the evaluation study objective(s) proposed as item#21 to item#23 in Section 9.

	UIC
	(a), (b) high
	Mobility has become indispensable today. Therefore, in addition to the positioning accuracy, the influence of the speed, which significantly influences it, should also be considered in necessary studies.

	Deutsche Telekom
	All High
	In Rel-16 a compromise for the positioning accuracy and latency was reached, but the necessary improvements shall be part of Rel-17. 

	Swift Navigation
	High (a, b)

	Rel-16 SSR enables scalable GNSS positioning down to 0.1m or better for general commercial use cases, V2X and selected IIoT use cases. To reliably meet performance requirements specified in 22.261 the confidence statement for positioning information needs to be signaled in order to deliver high integrity.

	ZTE
	High
(c) M
	With no great technique progress, the requirement for case (b) and (c) is really hard to meet in implementation. Besides, V2X and IOTgroup can consider it if their participants see strong need

	ESA
	L(a)
M(b)
H(c)
	In outdoor environments, HA-GNSS methods included in LTE and NR can meet the below 1m accuracy requirement. The indoor environment is a challenge both for RAT-dependent and RAT-independent technologies. Because of this we think IIoT Use Cases (e.g., Factory 4.0) and their requirements should be prioritized for Release 17 in order to identify solutions. Medium priority can be assigned to V2X use cases.

	CATT
	(a),(b),(c) high
	All objectives for Proposal can be considered as high priority for Rel-17

	Fraunhhofer IIS, Fraunhofer HHI
	H(a,c) , M(b)
	

	Spreadtrum
	H(a,b), M(c)
	V2X use cases are highly depending on the accurate location of vehicles.

	KDDI
	High (a)
	In Rel-17, we support to consider RAT-dependent positioning enhancement to improve accuracy, mainly for comercial use case.

	CMCC
	H(a,b,c)
	All three objectives identified in Proposal1 are considered as high priority for Rel-17.

	Volkswagen AG
	(a),(b),(c) HIGH
	The need of accurate positioning is expressed by multiple business sectors therefore it should be in focus of REL-17. It should be noted that the sidelink communication can provide additional mechanisms.

	Huawei, HiSilicon
	From highest to lowest: b, c, a
	The requirements in Proposal 1 might be too stringent to realize in Rel-17. Some enhancements could be designed to meet a relaxed deployment, or a reduced power comsumption without affecting the positioning accuracy target for Rel-16. 

The accuracy targets should be given with a value of CDF. Suggest the following targets. (a) <1m@CDF=80%; (b) 0.3m@90% (lateral); 0.5m@90% (longitudinal); and (c) 0.5m@90%. It is important for Rel-17 to develop positioning techniques that can reach the target accuracy by evaluations as done in Rel-16.
For V2X scenario, the target performance should be conditioned with UEs/UE-and-gNB being within [10] meters of each other [TS 22.261].

	CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM)
	H(a,c), M(b)
	We consider the commercial and IioT based scenarios should be prioritize first. Full/partial coverage UE  assistance  and  Side link extensions for positioning should be consider for all sub-bullets. Vertical Positioning for accuracy less than 1m is important. 

	Ericsson
	H(a,c), M(b)
	vertical requirements should also be included, to cover public safety purposes, including positioning of first responders, indoor and outdoor (Outdoor Accuracy [< 1m] horizontal ([95%]), [< 0.3 m] vertical ([95%]), Latency [< 5 seconds], TTFF [< 10 seconds], Availability [> 98%], Indoor Accuracy [< 1m] horizontal ([95%]), [< 2 m] vertical ([95%]), Latency [< 1 seconds] , TTFF [< 10 seconds] , Availability [> 95%] )




4. 	General NR Positioning Enhancements – Summary and Candidate Objectives
4.1	Summary
NOTE:	The following summarizes some main aspects on NR positioning enhancements provided by the individual companies. For more details, please refer to section 2.2.
30 companies provided input on NR positioning enhancements for NR Rel-17. There is a very wide diversity of proposals, with a few areas suggested by multiple companies. The below attempts to group the proposed objectives in 10 categories. Note, the below attempted to capture all proposals "in spirit", although perhaps with some rewording or different placement.
Section 4.2 below formulates Candidate Objectives based on the list of 10 items in this section. 
NOTE:	O1: Start normative work directly.
O2: Perform a study and, if agreed, continue with normative work in Rel-17.
O3: Study only in Rel-17.
(1)	Positioning of UEs in RRC idle/inactive states. 
16 companies: vivo (O1), Nokia (O1), Sony (O1), Mitsubishi Electric (O2), CEWiT (O2), Reliance Jio (O2), Tejas Neworks (O2), Saankhya labs (O2), IITH (O2), IITM (O2), Acorn (O1), Intel (O2), Huawei (O1), HiSilicon (O1), CATT (O2), Futurewei (O2)
		Main target use case/requirement: latency, power consumption, scalability, all use cases
[bookmark: _Hlk23480557](2)	Support for UE-based positioning (e.g., for additional methods where UE-based is not supported in Rel-16). 
12 companies: Qualcomm (O1), Fraunhofer IIS (O2), Fraunhofer HHI (O2), CMCC (O2, for V2X only), CEWiT (O1), Reliance Jio (O1), TejasNeworks (O1), Saankhya labs (O1), IITH (O1), IITM (O1), UIC (O2), Acorn (O1)
Main target requirement: latency, scalability, accuracy, UE/NW complexity, power consumption, all use cases/V2X
(3)		Enhancements to DL/UL positioning reference signals.
(a)	General enhancements for improved accuracy and reduced latency: Qualcomm (O2), CMCC (O1), Mitsubishi Electric (O2), AT&T (O2), CATT (O2), Samsung (O1)
	Main target use case/requirement: accuracy, latency, availability, all use cases
(b)	Support for LTE PRS in NR-only terminals to enable dynamic spectrum sharing: Ericsson (O1)
	Main target use case/requirement:regulatory requirements
		(c)	Enhancements for Doppler (velocity) estimation: AT&T (O2)
			Main target use case/requirement: velocity accuracy
(4)		NR positioning with sidelink interface. Intel (O2), CATT (O2)
		Main target use case/requirement: accuracy, availability
Moderator’s Note:	See also section 5 for additional company input on sidelink positioning for all scenarios where sidelink is available.
(5)		NRPositioning in unlicensed spectrumfor Uu air-interface. Intel (O2)
		Main target use case/requirement: accuracy, availability
Moderator’s Note:	See also section 6 for additional company input on NR-U positioning.
(6)		Enhancements to positioning measurements and reporting.
			(a)	General: CATT (O2)
				Main target use case/requirement: all use cases
(b) High resolution of UE/gNB measurements reporting: CMCC (O1)
		Main target use case/requirement: all use cases
			(c)	Enhancements of NR Uu air-interface and protocols in terms of measurement and reporting: Intel (O2)
				Main target use case/requirement: accuracy
		(d)	Enable the use of CSI measurements: Huawei (O2), HiSilicon (O2)
			Main target use case/requirement: accuracy
[bookmark: _Hlk23142242](7)		Enhancements to Rel-16 positioning techniques.
		(a)	Improved accuracy/latency: CMCC (O1), Sony (O1), Telefonica (O2), Futurewei (O1)
			Main target use case/requirement: all use cases
(b)	Low UE complexity for NR OTDOA: LGE (O1)
Main target use case/requirement: UE complexity
		(c)	Low power positioning: Philips (O2)
			Main target use case/requirement: eHealth use cases
(d)	PRS based TBS enhancements to support PRS-only TP as RSTD reference cell in both UE-assisted and UE-based mode: ZTE (O1)
			Main target use case/requirement: accuracy, latency, scalability, all use cases
		(e)	Enhancements of vertical positioning accuracy: CMCC (O1), Sony (O1)
			Main target use case/requirement: all use cases

(8) 		Resource allocation and interference management.
(a)	Flexible and dynamic UL and DL resource allocation for positioning of a large number of devices: Fraunhofer IIS (O1),	Fraunhofer HHI (O1)
	Main target use case/requirement: Localization for offtimes stationary and moving devices with different requirements (indoor or outdoor).
(b)	Support coordination of interference for UL multi-TRP positioning: Fraunhofer IIS (O2), Fraunhofer HHI (O2)
	Main target use case/requirement: scalability
		(c)	Efficient Resource allocation in PRS transmission/on-demand PRS: Nokia (O2)
			Main target use case/requirement: power consumption, resource utilization
(d)	Enhancements of orthogonalitization and interference suppression to enable high density infrastructure deployment: Ericsson (O1)
	Main target use case/requirement: accuracy, latency, all use cases, IIoT
(e)	Scalability enhancements to ensure that reliability requirements can also be met in scenarios with high load: Ericsson (O1)
	Main target use case/requirement:
(9)	Architecture, signalling and procedure enhancements.
		[UE/NW calibration]
(a)	Support for UE and/or network assistance for UE and network calibration (group delay, NW synchronization): Qualcomm (O2)
		(b)	Compensation of network synchronization error: CMCC (O1)
		Main target use case/requirement: accuracy, availability, all use cases
[positioning procedures]
(c)	Enhancements to existing positioning procedures to increase accuracy and reduce latency: Qualcomm (O2)
(d)	Enhancements of two-step RACH for NR positioning: Intel (O2)
Main target use case/requirement: latency, accuracy, availability, all use cases
[LMC]
(e)	Location management functionalities in RAN; coordination between LMC in RAN and 5GC entities: Nokia (O1)
		Main target use case/requirement: latency, service continuity
		[RTI]
(f)	Realtime integrity support to ensure that the position estimate accuracy can be properly assessed: Ericsson (O2)
		Main target use case/requirement: all use cases, IIoT, V2X, accuracy uncertainty assessment 
		[MDT]
(g)	For RAT dependent UE based positioning methods, enable UE feedback to the location server for adaptive assistance data. Provide the configuration for immediate measurement and reporting occasions in conjunction with assistance data provisioning: Ericsson (O1,2)
Main target use case/requirement: all use cases.
(10)	Additional/advanced NR positioning techniques, measurements and procedures. 
		(a)	Carrier-phase based positioning: CMCC (O2), CATT (O2)
Main target use case/requirement: all use cases
		(b)	Positioning of UEs using UL Received Signal Waveforms: Polaris Wireless (O1)
Main target use case/requirement: all use cases
		(c)	IAB-based positioning: Ericsson (O2)
Main target use case/requirement: accuracy, public safety
		(d)	Multipath assisted positioning: Huawei (O1), HiSilicon (O1)
Main target use case/requirement: accuracy
		(e)	Differential NR positioning: CATT (O2)
Main target use case/requirement: all use cases
		(f)	Cooperative positioning: CATT (O2)
Main target use case/requirement: all use cases


4.2	Candidate Objectives
	1.	Study, and if appropriate, specify support for positioning of UEs in RRC idle/inactive states.
2.	Study, and if appropriate, specify additional support and enhancements for UE-based positioning.
3.	Study, and if appropriate, specify enhancements to DL/UL positioning reference signals.
(a)	Consider improved accuracy/latency.
	(b)	Consider support for LTE PRS in NR-only terminals to enable dynamic spectrum sharing.
	(c)	Consider enhancements to support Doppler (velocity) estimation.
4.	Study, and if appropriate, specify support for NR positioning with sidelink interface.
5.	Study, and if appropriate, specify support for NR Positioning in unlicensed spectrum for Uu air-interface.
6.	Study, and if appropriate, specify enhancements to positioning measurements and reporting.
(a)	Consider higher resolution of UE/gNB measurements reporting.
(b)	Consider enhancements of NR Uu air-interface and protocols.
(c)	Consider the use of CSI measurements.
7.	Study, and if appropriate, specify enhancements to Rel-16 positioning techniques.
(a)	Consider improved accuracy/latency.
(b)	Consider low UE complexity for NR OTDOA.
(c)	Consider low power positioning.
(d) Consider PRS based TBS enhancements to support PRS-only TP as RSTD reference cell in both UE-assisted and UE-based mode.
(e)	Consider enhancements of vertical positioning accuracy.
8.	Study, and if appropriate, specify enhancements to resource allocation and interference management.
(a)	Consider flexible and dynamic PRS resource allocation for positioning of a large number of devices.
(b)	Consider support for coordination of interference for UL multi-TRP positioning.
(c)	Consider efficient resource allocation in DL-PRS transmission (e.g., on-demand PRS).
(d)	Consider enhancements of orthogonalitization and interference suppression to enable high density infrastructure deployment.
(e)	Consider scalability enhancements to ensure that reliability requirements can also be met in scenarios with high load.
9.	Study, and if appropriate, specify enhancements to positioning architecture, signalling and procedures.
(a)	Consider support for UE and/or network assistance for UE and network calibration (group delay, NW synchronization).
(b)	Consider enhancements to positioning procedures to increase accuracy and reduce latency.
(c)	Consider enhancements of two-step RACH for NR positioning.
(d)	Consider location management functionalities in the RAN and coordination between LMC in RAN and 5GC entities.
(e)	Consider realtime integrity support to assess the position estimate accuracy.
(f) For RAT dependent UE based positioning methods, consider UE feedback to the location server for adaptive assistance data.
10.	Study, and if appropriate, specify support for additional NR positioning techniques, measurements and 	procedures.
(a)	Consider carrier-phase based positioning.
(b)	Consider positioning of UEs using UL Received Signal Waveforms.
(c)	Consider  IAB-based positioning.
(d)	Consider multipath assisted positioning.
(e)	Consider differential NR positioning.
(f)	Consider cooperative positioning.



Companies are requested to provide feedback on the above objectives, in particular on the priority for Rel-17. 
The columns in the Table below (Item #) refer to the Objetive number above. Companies are requested to indicate the items which are considered of high priority for Rel-17. Priority can also be indicated per sub-item (a. b. c. etc.).  
For example, if Item #1 is considered of high priority for Rel-17, please enter a "H" in the column for Item#1 and enter your company name in the first column of the row.
For example, if Items #10(a) and #10(f) are considered as high priority for Rel-17, please enter "H(a,f)" in the column for Item#10.
If appropriate, items considered as low (L) or medium (M) priority can also be indicated accordingly.
Any additional input can be provided in the "Comments" column (e.g., any specific modification or addition to the proposed objective, etc.).

	Company
	Item #1
	Item #2
	Item #3
	Item #4
	Item #5
	Item #6
	Item #7
	Item #8
	Item #9
	Item #10
	Comments

	Nokia
	H
	L
	X
	M
	H
	H (a)

X (b, c)
	H (a)
M (b, e)
X (c, d)
	H (c)
L (a,b,d,e)
	H (b, d)
M(f)
X(a,c,e)
	X
	X means item should be excluded from Rel-17.
Item #6b is too vague.
Item #8e could be also combined with the item #1
Item #9: LMC has high priority (note: LMC has been labled 9(e) in the summary but 9(d) in the candidate objectives)

	Qualcomm
	H
	H
	H(a)
	H
	H
	
	H(a)
	H(c)
	H(a,b,d)
	
	Item 1 is considered to include part of 9c

	Vivo
	H
	M
	X
	X
	X
	M(a),
X(b, c)
	X
	X
	H(b, c)
L(d)
X(a, e, f)
	X
	X means item should be excluded from Rel-17.

Item#4 seems a duplicate of item#11 in section 5.

Item#5 seems a duplicate of item#12 in section 5.

Item#9c is related to Item#1.

Positioning of UEs in RRC idle/inactive states has already been extensively studied in previous positioning SI. No need to study again in Rel-17. Suggest to modify item#1 into “Study, and if appropriate, Specify support for positioning of UEs in RRC idle/inactive states”

	UIC
	M
	H
	H(a), (c)
	M
	X
	H(a), (c)
	H(a)
	X
	H(a), (b), (e), 
	X
	X means item should be excluded from Rel-17.


	Deutsche Telekom
	H
	H
	H
	M
	L
	H (a)
M (b, c)
	H (a, b, c, e)

	M (a, e)
	H (b, e)
	X
	#9b may be complementary or partially overlapping with item #7a. In any case, improvements in terms of accuracy, latency and integrity vs. Rel-16 should be covered in Rel-17.

	Swift Navigation
	
	
	
	
	
	
	M (a)
	
	H (e)
M (b)
	
	#9e is necessary to fully satisfy the use cases for precise positioning and is necessary for the commercial adoption of positioning enhancements completed in Rel-16. 

#9e is also complementery to efforts to enhance positioning performance in Items #7a and #9b.

	ZTE
	X
	X
	X
	X
	X
	M
	H(d)
	X
	H(d)
M(c)
	X
	X means item should be excluded from Rel-17.

	ESA
	
	
	
	
	M
	
	M (a)
	
	H(e)
	
	We agree with Swift

	CATT
	H
	L
	H(a)
	H
	M
	M(a)
	H(a,e)
	H(a)
	H(a,b,f,d)
	H(a,d,e,f)
	It is important to at least consider some of the new NR positioning techniques in order to achieve the target positioning performance defined in TS 22.261.

	Fraunhofer IIS,
Fraunhofer HHI
	H 
	M
	H(a)
	M
	L
	M(a)
	H(a)
	H(a,b,d,e)
	M(a,b)
	M(a)
	

	Spreadtrum
	M
	L
	M(a)
	H
	X
	H(a,c)
	H(a)
	X
	H(b,d)
	X
	X means item should be excluded from Rel-17.

	Mitusibishi Electric
	H
	
	H
	M
	
	
	
	
	H(e)
	
	

	KDDI
	
	
	H(a)
	
	
	
	H(a,e)
	
	H(b)
	
	

	Apple
	M
	H
	L
	H
	No need
	No need
	M/H[1]
	No need
	No need
	H[2]
	M for accuracy/latency improvement; H for low power/UE complexity; not needed for others
H for cooerperative positioning only; not needed for others

	CMCC
	
	L
	H(a)
	H
	No need
	H(a)
	H(a,e)
	H(c)
	H(a,b,d)
	M
	Item #2: To support this item, the security issue that the gNB coordinates have to be informed to UEs should carefully be taken into account.

Item #9(b,d): RAN3 studies on LMC in NG-RAN has been concluded. Normative work for supporting of LMC in NG-RAN is high priority.

	LGE
	L
	L
	L
	H
	L
	L
	H(a,b)
	L
	L
	L
	The more strict accuracy requirements are being considered in Rel-17 such as sub-meter level accuracy. To satisfy the strict requirement, time synchronization problem of both UL and DL needs to be addressed for timing measurement based positioning techniques.
In addition, gNB-assisted SL positioning is considered.

	Futurewei
	H
	L
	X
	M
	M
	M
	H(a,e)
	L
	L
	L
	

	Volkswagen AG
	H
	H
	
	H
	
	
	H(a, c, e)
	H(e)
	H(b, e)
L(f)
	
	

	Polaris Wireless
	H
	L
	H(a,b)
	M
	L
	H(c)
	H(e)
	M
	H(b)
	H(b,d)
	

	Huawei, HiSilicon
	H
	L
	H(a) L(b,c)
	L
	L
	H(c)
U(a,b)
	H(a)
U(b,e)
	M(a,c)
	M(f)
L(a,c,d)
U(b)
X(e)
	H(d)
	Udenotes“Unclear”, which means that it is unclear what the target includes or whether it can be achived by Rel-16. It can be treated as low priority.

We understand that the item#3(a) covers the RS enhancement not only to Rel-16 positioningbut also to support Item #10 on the request of the additional NR positioning technique(s), because Item#10 does not cover any explicit reference to RS enhancement.

	Sony
	H
	H
	L
	M
	M
	M
	H
	H
	H
	L
	

	CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM)
	H
	H
	H(c)
	H
	X
	M
	M
	H(a,c,e)
	H(a,b,d)
	M
	X means should be excluded from Rel-17.
Item 4 is applicable in UE based positioning for increasing reliability accuracy and availability for deep indoor scenario.

In Item 9d, LMC in RAN need to be enhanced for better coordination with both with UE and 5GC for low latency requirement.



	Xiaomi
	
	
	
	H
	
	
	
	
	H(d)
	
	

	Ericsson
	H
	M
	M
	L
	L
	H
	L
	H(c)
	H(f)
X(e)
	H(c,d)
X(others)
	If agreed, need for Study item phase to study items #2 ,#3 and #4.  two-step RACH and LMC from item 9 should  be excluded. 

	Intel
	H
	L
	L
	H
	M
	1)
	H(a)
	H (c,d,e)
2)
	H(c)
	H(b)
3)
	1) We assume R16 is good enough
2) We assume R16 will provide sufficient functionality for (a)-(b)
3) Extension of (b) to use DL RX waveforms should be considered

	MTK
	M
	H
	H(a)
L(b,c)
	M
	No need
	M
	H(a,e)
	H(c )
	H(a,b,d,f)
	H(d)
M(a)
	1) For Rel-16 left over, at least the cyclic shift configuration for SRS should be considered for Rel-17
3) 2) Partial staggering for DL PRS can be revisited in Rel-17, which could also be beneficial for sidelink interface

	China Unicom
	
	
	
	
	
	
	
	
	H(d)
	
	






5. 	V2X Positioning – Summary and Candidate Objectives
NOTE:	The following summarizes some main aspects on V2X positioning provided by the individual companies. For more details, please refer to section 2.3.1.
30 companies provided input on V2X positioning aspects for NR Rel-17. The below summarizes the input and proposed objectives. Note, the below attempted to capture all input/proposals "in spirit", although perhaps with some rewording or different placement.
Considered scenarios: 
All of in-coverage, out of coverage and partial NW coverage: 27 companies (Qualcomm, Deutsche Telekom, vivo, Fraunhofer IIS, Fraunhofer HHI, CMCC, Nokia, LGE, Polaris Wireless, Sony, Telefonica, CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM, ESA, Ericsson, AT&T, Huawei, HiSilicon, CATT, ZTE, Samsung, General Motors, Toyota ITC).
In-coverage and out of coverage only: 2 companies (Mitsubishi Electric, Intel)
Spectrum of operation:
ITS	24 companies (Qualcomm, Deutsche Telekom, vivo, Fraunhofer IIS, Fraunhofer HHI, CMCC, LGE, Sony, Telefonica, CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM, ESA, Ericsson, Intel, Huawei, HiSilicon, CATT, Futurewei, ZTE, General Motors).
Licensed	24 companies (Qualcomm, Deutsche Telekom, vivo, Fraunhofer IIS, Fraunhofer HHI, CMCC, LGE, Sony, Telefonica, CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM, ESA, Ericsson, Intel, Huawei, HiSilicon, CATT, Futurewei, ZTE, General Motors).
	Unlicensed 		5 companies (Qualcomm, Deutsche Telekom, Sony, ESA, Ericsson).
FR1	29 companies (Qualcomm, Deutsche Telekom, vivo, Fraunhofer IIS, Fraunhofer HHI, CMCC, Nokia, LGE, Polaris Wireless, Sony, Mitsubishi Electric, Telefonica, CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM, ESA, Ericsson, Intel, AT&T, Huawei, HiSilicon, CATT, ZTE, Samsung, General Motors, Toyota ITC).
FR2	22 companies (vivo, Fraunhofer IIS, Fraunhofer HHI, LGE, Sony, Mitsubishi Electric, Telefonica, CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM, Intel, AT&T, Huawei, HiSilicon, CATT, Futurewei, Samsung, General Motors, Toyota ITC).
The input on work areas and objectives can generally be summarized as follows:
(1)	Assisted sidelink positioning for V2X: 20 companies (Qualcomm, Deutsche Telekom, vivo, Fraunhofer IIS, Fraunhofer HHI, CMCC, Nokia, LGE, Polaris Wireless, Sony, Mitsubishi Electric, Telefonica, ESA, Intel, AT&T, Huawei, HiSilicon, CATT, ZTE, Samsung).
-	Reuse UL/DL RS from Rel-16, support heavy urban scenarios, reduce false alarms, power efficiency for pedestrians (Qualcomm, Deutsche Telekom)
-	Sidelink ranging/delay measurements (vivo, Fraunhofer IIS, Fraunhofer HHI, ESA, Intel, AT&T, Huawei, HiSilicon, CATT)
	-	Doppler measurements (AT&T).
	- 	Angle measurements (Huawei, HiSilicon).
	-  UE-based SL positioning (LGE)
-	Advanced positioning techniques (e.g., NR carrier phase positioning, differential NR positioning, cooperative positioning, etc.) (CATT)
(2) 	Assisted sidelink positioning for all scenarios where sidelink is available: 8 companies (vivo, Nokia, Polaris Wireless, Sony, Huawei, HiSilicon, ZTE, Samsung).
(3)	Uu based positioning/enhancements: 3 companies (CMCC, Ericsson, Intel).
	- 	Enhance the accuracy of the Uu-/GNSS-based positioning (CMCC).
- 	Support dense deployment for high accuracy network based positioning at designated areas in coverage (Ericsson).
-	Enhance Uu based ranging (Intel).
(4)	RAT independent/GNSS/hybrid related aspects: 5 companies (CMCC, ESA, Ericsson, Intel, Futurewei).
-	Exchange of GNSS measurements and assistance data via sidelink; e.g. for  moving base GNSS RTK techniques (ESA).
-	For partial/out of network coverage the device shall be made aware for how long time the provided assistance data is valid (eg for GNSS RTK) (Ericsson).
-	Complement RAT independent (e.g. GNSS/camera, etc.) positioning (Intel).
-	Data fusion with sensors (Futurewei).
	(5)	Distributed antenna/antenna array support: 3 companies (LGE, General Motors, Toyota ITC)

Moderator’s Note:	Since V2X positioning was identified as a specific potential work area at RAN#84 (see section 1 of this document), any general sidelink positioning aspects (e.g., for all use cases) should be discussed separately (see also section 4). 
All contributing companies suggest a study first, and, if agreed, continue with normative work in Rel-17 (except 1 company (Ericsson) which suggests starting normative work directly (for the specific/proposed objective)).
	Proposed Objectives:
11.	Study and, if appropriate, specify positioning enhancements and solutions necessary to support the positioning requirements for NR V2X use cases considering in-network coverage, out-of-network coverage, and partial network coverage scenarios in ITS licensed and unlicensed bands in FR1 and FR2:
	a.	support sidelink based / assisted positioning techniques.
		a.1		reuse UL/DL RSs from Rel-16 for sidelink, when possible.
a.2		support time (range), angle and Doppler measurements.
a.3		support heavy urban scenarios.
		a.4		aim for reduced power consumption for pedestrian devices.
a.5		aim for reduced V2P false alarms caused by inaccurate positioning.
a.6		support UE-based positioning.
a.7		consider advanced positioning techniques (e.g. NR carrier phase positioning, differential NR 						positioning, cooperative positioning, etc). 
	b.	support Uu based positioning techniques and enhancements.
		b.1		Support dense deployment for high accuracy network based positioning at designated areas in 						coverage.
	c.	support RAT-independent techniques and enhancements.
c.1	consider exchange of GNSS measurements and assistance data via sidelink; e.g. for  moving base GNSS RTK techniques.
c.2	consider validity time of GNSS assistance data for partial/out of network coverage.
c.2	consider additional RAT independent techniques (e.g. camera, sensors, etc.).
	d. 	support distributed and/or beamforming antennas.



Companies are requested to provide feedback on the above objectives, in particular on the priority for Rel-17. 
The columns in the Table below (Item #) refer to the Objetive number above. Companies are requested to indicate the items which are considered of high priority for Rel-17. Priority can also be indicated per sub-item (a.1, a.2, … ,b.1, c.1, etc.).  
For example, if Item #11a is considered of high priority for Rel-17, please enter a "H" in the column for Item#11a and enter your company name in the first column of the row.
For example, if Items #11a, a.1 and #11a, a.7 are considered as high priority for Rel-17, please enter "H(a1,a.7)" in the column for Item#11a.
If appropriate, items considered as low (L) or medium (M) priority can also be indicated accordingly.
Any additional input can be provided in the "Comments" column (e.g., any specific modification or addition to the proposed objective, etc.).

	Company
	Item #11a
	Item #11b
	Item #11c
	Item #11d
	Comments

	Nokia
	M,
L(a6), X(a7)
	X
	X
	X
	X means item should be excluded from Rel-17.
Item #11b should be handled with generic Uu enhancements, not separately for V2X.
Item #11.a.5 should be a natural consequence of accurate positioning.
Item #11b is already covered by generic NR positioning enhancements. 
Item #11c is covered by Section 8. 
Item #11d is unclear.

	Qualcomm
	H(a1,a2,a3,a4,a5,a6)
	
	
	
	

	vivo
	H,
X(a7)
	X
	X
	X
	X means item should be excluded from Rel-17.

On the main bullet of item#11, suggest to modify “ITS licensed and unlicensed bands” into “ITS bands and licensed bands”.


	Deutsche Telekom
	M 
(a.1- a.6)
	H
	H
	X
	

	Swift Navigation
	
	
	H
	
	RAT-Independent GNSS positioning performance with integrity supports V2X requirements, also addressed in Section 8.

	ESA
	H(a2, a3,a4,a5,a6)
	
	H(c.1)
	
	

	CATT
	H(a2,a3,a6,a7)
	H(b1)
	H(3)
	H(d)
	

	Fraunhofer IIS,
Fraunhofer HHI
	H(a1,a2 a4)
L(a6)
M(a7)
	
	M(c1)
	
	

	Spreadtrum
	H
	
	H(c1)
	
	

	Apple
	H
	L
	M (c1, c2)
X (c3)
	X
	In the main-bullet, suggest to remove “unlicensed band” so that it only contain “ITS licensed bands”.
X means item should be excluded from Rel-17.

	CMCC
	H(a1,a2,a3)
M(a7)
	H
	M
	
	

	LGE
	H
	H
	H
	H
	SL positioning is the key feature of Rel.17 positioning. As vehicles are most probably equipped with distributed antenna, a positioning mechanism for distributed antenna should also be included in Rel.17 positoning WI.

	Futurewei
	H
	X
	M
	M
	For 11c, our entry applies to 11c3, we support use of data fusion with sensors.

	Volkswagen AG
	H(a2,a3,a4,a5,a6,a7)
	
	H(c1, c2)
L(c3)
	H(d)
	Our understanding: Beamforming in the sense of directional antennas

	Polaris Wireless
	H(a1, a2, a3)
	L
	M
	H
	

	Huawei, HiSilicon
	H(a1,2,4, 6,7)
	L
	U
	H
	The V2X positioning has high priority in Rel-17 in general.
For the distributed antenna/antenna array, we understand it as multiple panels for FR2 distributed inthe car.

	Sony
	H
	M
	M
	L
	Item #11c: most V2Xdevicesare already equipped with sensors to enable RAT independent / hybrid


	CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM)
	H
	
	
	
	

	Ericsson
	M
	L
	L
	L
	

	Intel
	H(a1-a6)
	
	
	
	Item #11d can be discussed in scope of Item 11a
Item #11b we assume it is a part of section 4

	MTK
	H(a1,a2,a3,a5,a6)
	M
	L
	L
	





6.	NR-U Positioning Aspects – Summary and Candidate Objectives
NOTE:	The following summarizes some main aspects on NR-U positioning provided by the individual companies. For more details, please refer to section 2.3.2.
15 companies provided input on NR-U positioning aspects for Rel-17. The below summarizes the input and proposed objectives. Note, the below attempted to capture all input/proposals "in spirit", although perhaps with some rewording or different placement.
Considered scenarios: 
	Licensed assisted NR-U: 9 companies (Qualcomm, Nokia, LGE, Sony, Ericsson, Intel, Huawei, HiSilicon, CATT).
	Standalone NR-U: 7 companies (Qualcomm, Nokia, LGE, Sony, Ericsson, Intel, Samsung).
Not needed in Rel-17: 7 companies (Deutsche Telekom, vivo, CMCC, Telefonica, Huawei, HiSilicon, ZTE).

The input on work areas and objectives generally focus on enabling the positioning techniques in unlicensed bands (all supporting companies); e.g., for V2X and IIoT use cases.
-	modification to current UL/DL RS and medium access, LBT (Qualcomm, Sony, Intel, CATT).
- 	enhancements to positioning solutions (Nokia).
-	Licensed band provides the measurements that needs small overhead of PRS (e.g. angles) and unlicensed band provides the measurements with large overhead of PRS (e.g. high-accuracy TDOA/RTT measurements) (Huawei, HiSilicon).
Most contributing (supporting) companies suggest a study first, and, if agreed, continue with normative work in Rel-17 (except 1 company (Nokia) which suggests starting normative work directly; and 1 company (LGE) which suggests a study in Rel-17 only).

	Proposed Objectives:
12.	Study and, if appropriate, specify positioning enhancements and solutions necessary to support NR positioning in unlicensed spectrum considering licensed assisted NR-U (where control and assistance are available using licensed spectrum), and stand-alone NR-U (where control and assistance are not available using licensed spectrum):
a.	Identify and, if appropriate, specify necessary enhancements or modifications to existing positioning solutions for support in unlicensed bands.
b.	Identify and, if appropriate, specify necessary modifications to UL/DL reference signals to facilitate positioning using unlicensed spectrum, including necessary enhancements to medium access (LBT).
c. 	Consider sharing aspects between measurements on licensed and unlicensed band; e.g., licensed band provides the measurements that needs small overhead of PRS and unlicensed band provides the measurements with large overhead of PRS.



Companies are requested to provide feedback on the above objectives, in particular on the priority for Rel-17. 
The columns in the Table below (Item #) refer to the Objetive number above. Companies are requested to indicate the items which are considered of high priority for Rel-17. Priority can also be indicated per sub-item.  
If appropriate, items considered as low (L) or medium (M) priority can also be indicated accordingly.
Any additional input can be provided in the "Comments" column (e.g., any specific modification or addition to the proposed objective, etc.).

	Company
	Item #12
	Item #12a
	Item #12b
	Item #12c
	Comments

	Nokia
	
	H
	H
	
	No study phase needed, objective should be to specify directly. Items #12a and #12b can already cover the item #12c.

	Qualcomm
	H
	H
	H
	
	

	vivo
	X or L
	
	
	
	[bookmark: OLE_LINK1]X means item should be excluded from Rel-17.

In general, the motivation of introducing positioning support in Rel-17 for unlicensed spectrum is not clear to us.We prefer to defer it to future release considering the work load of the potential Rel-17 positioning SI/WI. 

If it is considered for Rel-17, it should be studied only with low priority. So it is proposed to modify the main bullet as “Study and, if appropriate, specify”

	Deutsche Telekom
	M
	M
	
	
	

	ZTE
	X
	X
	X
	X
	X means item should be excluded from Rel-17.


	CATT
	H
	H
	H
	H
	

	Apple
	X
	X
	X
	X
	Not needed for NR-U positioning. X means item should be excluded from Rel-17.

	LGE
	L
	L
	L
	L
	NR-U positioning should be prioritized as low. If the work scope of Rel.17 needs to be narrowed down, NR-U positioning may be developed in Rel.18 or a later release.

	Futurewei
	M
	M
	M
	
	

	Volkswagen AG
	L
	
	
	
	

	Polaris Wireless
	L
	L
	L
	L
	

	Huawei, HiSilicon
	L
	L
	M
	H
	NR-U positioning can be studied only if other scenarios (V2X, IIOT) have enough TUs for study.

	Sony
	H
	H
	H
	
	

	Ericsson
	X
	x
	x
	
	We don’t see a high priority for positioning in unlicenced, which can be pushed to later release. 

	Intel
	
	M
	M
	
	Standalone scenarion is a low priority. 
#11c needs to be analyzed and can be a part of analysis/solution rather than objective
We put M priority since it seems the scope is already quite big

	MTK
	L
	L
	L
	L
	Deprioritize 



[bookmark: _Hlk23015810]
7. 	IIoTPositioning Aspects – Summary and Candidate Objectives
NOTE:	The following summarizes some main aspects on (I)IoT positioning provided by the individual companies. For more details, please refer to section 2.3.3.
27 companies provided input on IoT positioning aspects for Rel-17. The below summarizes the input and proposed objectives. Note, the below attempted to capture all input/proposals "in spirit", although perhaps with some rewording or different placement.
In general, there is (naturally) some overlap with the input provided in section 2.2 (General NR Positioning Enhancements). 
The input on work areas and objectives can generally be summarized as follows:
-	support higher accuracy positioning (Qualcomm, Fraunhofer IIS, Fraunhofer HHI, Sony, Telefonica, CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM, Intel, Futurewei)
- 	support lower latency (Qualcomm,Fraunhofer IIS, Fraunhofer HHI, Sony, Telefonica,CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM, Intel, Futurewei)
	- 	low power consumption (LGE, Philips, Huawei, HiSilicon, ZTE)
	- 	low complexity (Samsung)
	- 	support tracking of objects in real time (Swisscom)
	-	IIoT LCS clients which are external to a 3GPP network (Qualcomm)
-	NR positioning enhancements to enable higher accuracy and lower latency:
-	Evaluations should be done first to check the achievable accuracy and identify suitable techniques (Nokia, Ericsson).
- 	General enhancements to Rel-16 positioning techniques: CMCC, Nokia, Ericsson, Huawei, HiSilicon, CATT
- 	PRS enhancements: vivo, CATT
-	Measurements enhancements: vivo, Fraunhofer IIS, Fraunhofer HHI, CATT
-	Signalling enhancements: Fraunhofer IIS, Fraunhofer HHI, CATT
-	consider deployments optimized for positioning: Intel
-	sidelink-aided:Huawei, HiSilicon
-	advanced positioning techniques: 
- 	general: CMCC, CATT
-	Multipath assisted positioning: Huawei, HiSilicon

Perform a study and, if agreed, continue with normative work in Rel-17: 22 companies (Qualcomm, Fraunhofer IIS, Fraunhofer HHI, CMCC, Nokia, Sony, Mitsubishi Electric, Telefonica, CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM, Ericsson, Philips, Intel, Huawei, HiSilicon, CATT, Futurewei, ZTE).
Start normative work directly: 2 companies (Huawei, HiSilicon (for the specific/proposed objective (Multipath assisted positioning))). 
Study only in Rel-17: 4 companies (vivo, LGE, Futurewei, Samsung).





	Proposed Objectives:
13.	Study and, if appropriate, specify positioning enhancements and solutions necessary to support the positioning requirements for (I)IoT use cases:
a.	Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in IIoT scenarios and identify any performance gaps.
b.	Consider enhancements to positioning techniques, positioning reference signals, measurements and 
architecture/procedures/signalling:
		b.1	aim for energy efficiency, reduced power consumption and reduced complexity.
		b.2 consider update rates required for position tracking. 
		b.3	consider IIoT LCS clients which are external to a 3GPP network (e.g., a server). 
		b.4	consider deployments optimized for positioning.
		b.5	consider sidelink-aided positioning.
		b.6 consider advanced positioning techniques.




Companies are requested to provide feedback on the above objectives, in particular on the priority for Rel-17. 
The columns in the Table below (Item #) refer to the Objetive number above. Companies are requested to indicate the items which are considered of high priority for Rel-17. Priority can also be indicated per sub-item (b.1, b.2, … , etc.). 
For example, if Items #13b, b.1 and #13b, b.6 are considered as high priority for Rel-17, please enter "H(b1,b6)" in the column for Item#13b.
If appropriate, items considered as low (L) or medium (M) priority can also be indicated accordingly.
Any additional input can be provided in the "Comments" column (e.g., any specific modification or addition to the proposed objective, etc.).

	Company
	Item #13
	Item #13a
	Item #13b
	Comments

	Nokia
	
	H
	H where found necessary in step a; 

otherwise X

	X means item should be excluded from Rel-17.

Evaluations should first be carried out for Rel-16 positioning functionality, and the impact of implementation- and/or deployment-based solutions should be considered. Enhancements should only be specified where existing functionality and implementation- and deployment-based solutions are found to be insufficient.

Item #13 b.4 should be part of #item13 a.
Item #13 b.6 should be excluded from Rel-17 

	Qualcomm
	H
	H
	H(b3)
	

	vivo
		M
	M
	L
X(b.4, b.5, b.6)
	X means item should be excluded from Rel-17.

On the main bullet of item#13, we suggest to modify into “Study and, if appropriate and time permits, …”

Item#13a should only be carried out after item#21 and item#23 (evaluation scenarios/models/methodology) in Section 9 were completed.


	Deutsche Telekom
	
	H
	H
	

	ZTE
	M
	M
	L
	

	ESA
	
	M to H
	
	

	CATT
	
	H
	H(b1,b6)
	

	Fraunhofer IIS,
Fraunhofer HHI
	H
	H
	H(b1,b,b6)
	

	Mitsubishi Electric
	
	H
	H
	

	Apple
	L
	L
	L
	We think the overal priority for IIoT should be low.

	CMCC
	H
	H
	H(b1,b6)
	

	LGE
	L
	L
	L
	IIoT positioning should have a low priority. If the work scope of Rel.17 should be reduced, IIoT positioning can be developed in Rel.18 or a later release.

	Futurewei
	M
	M
	M
	

	Volkswagen AG
	H
	H
	H(b.1, b.2, b.5)
	

	Polaris Wireless
	L
	L
	L
	

	Huawei, HiSilicon
	H
	H
	H(b1, 4, 5, 6)
U(b2)
L(b3)
	IIOT positioning has high priority for Rel-17 in general. 
Udenotes“Unclear”, which means that it is unclear what the target includes or whether it can be achived by Rel-16. It can be treated as low priority.

	Sony
	H
	H
	H
	

	CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM)
	H
	H
	H(b1, b5)
	H(b1) should target for higher accuracy and low latency along with  aiming  for energy efficiency, reduced power consumption and reduced complexity

	Ericsson 
	H
	H(1,2,4,6)
M(5)
X(3)

	
	

	Intel
	
	H
	
	It seems that 13b should be an outcome of study phase

	MTK
	H
	H
	H(1,2,6)
	Agree with Intel’s comment





8. 	RAT-Independent Positioning Aspects – Summary and Candidate Objectives
NOTE:	The following summarizes some main aspects on RAT-independent positioning provided by the individual companies. For more details, please refer to section 2.3.4.
28 companies provided input on RAT-independent positioning aspects for Rel-17. The below summarizes the input and proposed objectives. Note, the below attempted to capture all input/proposals "in spirit", although perhaps with some rewording or different placement.
The input on work areas and objectives can generally be summarized as follows:
(1)	Support for additional GNSSs and signals
(a)	NavIC support for NR: 9 companies (Qualcomm, CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM, Huawei, HiSilicon).
			-	Start normative work directly: Suggested by all contributing companies.
	(b)	BDS B2a support: CATT
			-	Start normative work directly.
		(c)  Support RTK, PPP, SSR for A-BDS: CATT
Moderator’s Note:	This seems already supported in Rel-15/16. 
(2)	GNSS Enhancements
	(a) 	Integrity and reliability of position information: Deutsche Telekom, Swift Navigation, ESA, UIC, Ericsson,
			Philips
[bookmark: _Hlk23023407]			-	Perform a study and, if agreed, continue with normative work in Rel-17: Suggested by all contributing
				companies.
[bookmark: _Hlk23019895]	(b)	Integrity and authentication of assistance data/correction information: Mitsubishi Electric
				-	Perform a study and, if agreed, continue with normative work in Rel-17.
(c)	Bandwidth efficient assistance data/correction information: Mitsubishi Electric.
			-	Study only in Rel-17: Mitsubishi Electric.
(d) Enhancements/Power consumption for NB-IoT:CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, 
IITM.
			-	Start normative work directly: CEWiT, Reliance Jio, TejasNeworks, Saankhya labs, IITH, IITM.
(e)	Supporting delivery of State Space Representation (SSR) GNSS corrections through the MNO control plane: General Motors.
Moderator’s Note:	This seems already supported in Rel-15/16. 
(3)	Other RAT-independent position methods enhancements
	(a)	Bluetooth positioning: Ericsson
			-	Perform a study and, if agreed, continue with normative work in Rel-17.
	(b) 	Pressure sensors: Ericsson 
			-	Start normative work directly.
(4)	Improved vertical accuracy: Nokia, Ericsson, Philips
		-	Study only in Rel-17: Nokia.
		-	Start normative work directly: Ericsson (for item 3b above).
		-	Perform a study and, if agreed, continue with normative work in Rel-17: Philips.
[bookmark: _Hlk23023900](5)	Hybrid RAT-dependent/RAT-independent positioning enhancements: 
(a)	General:Sony, Telefonica, UIC, Philips.
(b)	Protocol enhancements: Fraunhofer IIS, Fraunhofer HHI
(c)	GNSS and NR-sidelink: 	ESA
		-	Start normative work directly: Fraunhofer IIS, Fraunhofer HHI, Sony.
	-	Perform a study and, if agreed, continue with normative work in Rel-17: Telefonica, ESA, UIC, Philips.
(6)	Minimum performance requirements for HA-GNSS: ESA, Philips
	-	Start normative work directly: ESA.
	-	Perform a study and, if agreed, continue with normative work in Rel-17: Philips.

	Proposed Objectives:
[bookmark: _Hlk24397609][Support for additional GNSSs and signals]
	14.	Extend support of NavIC to NR.
	15.	Add support for BDS B2a signal. 
[GNSS Minimum Performance Requirements]
	16.	Specify minimum performance requirements for HA GNSS.
[GNSS Enhancements]
	17. Study and, if appropriate, specify GNSS positioning enhancements and solutions: 
	a.	Define positioning integrity KPIs and extensions to enhance integrity, authenticity, and reliability of High 	Accuracy GNSS assistance data and position information.
	b.	Consider bandwidth-efficient format of correction information.
 [Bluetooth positioning]
	18.	Study and, if appropriate, specify Bluetooth positioning enhancements and solutions: 
	a.	Consider recent additions to Bluetooth positioning for angle of arrival/departure and ranging.
[Hybrid positioning]
	19.	Study and, if appropriate, specify enhancements and solutions to support hybrid positioning:
		a.	Consider enhancements for positioning protocol to support seamless positioning for moving devices.
		b.	Consider cooperative-positioning based on GNSS and NR sidelink.
[Improved vertical positioning]
	20.	Study and, if appropriate, specify enhancements and solutions to improve vertical positioning; e.g.
		enhancements for barometric pressure sensor positioning method to enhance height estimation 							accuracy.



Companies are requested to provide feedback on the above objectives, in particular on the priority for Rel-17. 
The columns in the Table below (Item #) refer to the Objetive number above. Companies are requested to indicate the items which are considered of high priority for Rel-17. Priority can also be indicated per sub-item (a. b. etc.).  
For example, if Item #14 is considered of high priority for Rel-17, please enter a "H" in the column for Item#14 and enter your company name in the first column of the row.
For example, if Items #17(a) is considered as high priority for Rel-17, please enter "H(a)" in the column for Item#17.
If appropriate, items considered as low (L) or medium (M) priority can also be indicated accordingly.
Any additional input can be provided in the "Comments" column (e.g., any specific modification or addition to the proposed objective, etc.).

	Company
	Item #14
	Item #15
	Item #16
	Item #17
	Item #18
	Item #19
	Item #20
	Comments

	Nokia
	L
	L
	X
	X
	X
	X
	M
	X means item should be excluded from Rel-17.

	Qualcomm
	H
	
	
	
	
	
	
	

	vivo
	
	H
	X
	X
	X
	X
	X
	[bookmark: OLE_LINK2]X means item should be excluded from Rel-17.

	UIC
	X
	X
	H
	H
	X
	H
	H
	X means item should be removed from Rel-17 content.

	Deutsche Telekom
	X
	X
	X
	H
	X
	M
	M
	X means item should be excluded from Rel-17.

	Swift Navigation
	
	H
	M
	H(a)
M(b)
	
	
	
	Signaling the reliability and confidence level for positioning information is a precondition for meeting integrity requirements in 22.261 for GNSS and other positioning technologies.

	ZTE
	X
	H
	X
	X
	X
	X
	X
	X means item should be excluded from Rel-17.

	ESA
	
	
	M
	H(a)
L(b)
	
	H(b)
	
	Item #14 and #15 should be completed in Release 17. Support for NavIC and BDS B2a signal could be easily achived using CRs and there is no need to consider dedicated Work Items. considering that NavIC is already part of LTE and BDS proposes the introduction of a new signal only, the expected effort is very small.

Item #17: The integrity in the position domain should not be associated only to RAT-independent/GNSS. This concept should have a more broader scope and GNSS is only one of the contributing elements to integrity in the position domain. Other contributors could be RAT-dependent techniques, sensors, etc. Several companies through their proposals mention integrity concept in a direct or indirect way:
· Item #17a
· Items #11a – a5
· Items #7a and #7e
· Item #9e (complementary to #7a and #9b)

	CATT
	
	H
	
	
	
	H
	H
	

	Fraunhofer IIS,
Fraunhofer HHI
	
	
	
	
	
	H
	
	

	Mitsubishi Electric
	
	
	H
	H
	
	
	
	

	Apple
	L
	L
	L
	M
	X
	M(19a)
H(19b)

	L
	X means item should be excluded from Rel-17.

	Futurewei
	M
	L
	L
	L
	L
	L
	L
	[bookmark: _Hlk25139335]For item#14, need to clarify what ‘support’ here means.

	Volkswagen AG
	
	
	
	
	
	H
	H
	

	Polaris Wireless
	L
	L
	L
	L
	M
	M
	H
	

	Huawei, HiSilicon
	H
	H
	
	
	
	
	
	The value of studying the Item 16-20 is unclear.

	Sony
	
	
	
	
	
	H
	
	TS22.261 mentioned that the 5G system shall support the combination of 3GPP and non-3GPP positioning technologies to achieve performancesof the 5G positioning services that are better than those achieved using only 3GPP positioning technologies. These performances can be realized by Item #19

	CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM
	H
	
	
	
	
	
	
	

	Ericsson 
	
	
	
	17a H
17b  X
	H
	L
	H
	X means item should be excluded from Rel-17.	 

	OPPO
	
	H
	
	
	
	
	
	

	China Unicom
	
	H
	
	
	
	
	
	

	CAICT
	
	H
	
	
	
	
	
	





[bookmark: _Hlk23067525]9. 	Summary of Scenarios and Evaluation Methodology
NOTE:	The following summarizes some key aspects on scenarios and evaluation methodology provided by the individual companies. For more details, please refer to section 2.4.
References:
3GPP TR 38.855: "Study on NR positioning support".
3GPP TR 38.901: "Study on channel model for frequencies from 0.5 to 100 GHz (Release 16)".
3GPP TR 38.885: "Study on NR Vehicle-to-Everything (V2X)".
17 companies provided input on Scenarios and Evaluation Methodology for Rel-17. The below summarizes the input and proposed objectives. Note, the below attempted to capture all input/proposals "in spirit", although perhaps with some rewording or different placement.
The input on scenarios and evaluation methodologycan generally be summarized as follows:
(1)	Reuse Rel-16 scenarios and channel models where possible: 11 companies (Qualcomm, Nokia, LGE, Ericsson, Intel, Huawei, HiSilicon, CATT, Futurewei, ZTE, Samsung).
(2)	Consider revisions of Rel-16 channel models/scenarios to better evaluate solutions: 6 companies (Qualcomm, Fraunhofer IIS, Fraunhofer HHI, CMCC, Huawei, HiSilicon).
(3)	Define additional scenarios and channel models for new use cases and requirements based on already defined scenarios and channel models for each feature:
(a)	V2X/sidelink positioning: 9 companies (Qualcomm, vivo, CMCC, Sony, Intel, Huawei, HiSilicon, CATT, Futurewei).
			(b)	NR-U positioning: 5 companies (Qualcomm, Sony, Intel, CATT, Futurewei).
(c)	IIoT positioning: 13 companies (Qualcomm, vivo, CMCC, Nokia, Sony, Mitsubishi Electric, Ericsson, Intel, Huawei, HiSilicon, CATT, Futurewei, ZTE).
			(d)	Scenarios for 3D position evaluation: 1 company (Intel).
	(4)	Define evaluation methodology for additional performance indicators:
		(a)	latency: 3 companies (vivo, Huawei, HiSilicon).
		(b)	device power consumption: 2 companies (Fraunhofer IIS, Fraunhofer HHI).

	Proposed Objectives:
21.	Define the scenarios for evaluation of positioning enhancements and requirements for new use cases:
	a.	Reuse Rel-16 scenarios and channel models (TR 38.855) where possible.
	b.	Consider revisions of Rel-16 channel models and scenarios to better evaluate solutions.
c.	Define additional scenarios to evaluate the performance for new use cases and requirements, taking into account already defined scenarios and channel models for each feature:
		(a)	V2X positioning scenario;
		(b)	NR-U positioning scenario;
		(c)	IIoT positioning scenario.
	d.	The scenarios should allow 3D positioning evaluations where needed (i.e., incl. altitude).
22.	Reuse the Rel-16 evaluation methodology for positioning performance (TR 38.855).
23.	Define an evaluation methodology for latency and device power consumption.

NOTE: Strive for defining a minimum/representative set of scenarios.




Companies are requested to provide feedback on the summary proposed objectives, including:
-	any specific modifications or additions where necessary (e.g., in case of any company input from section 2.4 is not appropriately covered, etc.);
-	comments feedback can also be provided  per sub-item.

	Company
	Comments

	Nokia
	The only new scenario / channel model needed for evaluations is the indoor factory model. No new models or scenarios need to be defined.

	Qualcomm
	High priority items are 21a, 21b, 21c(a,b,c), 22

	vivo
	We think the evaluation objectives are of high priority, espeacially item#23 which is essential at least for IIoT scenario.

	Deutsche Telekom
	Agreewith Nokia.

	ZTE
	Only new channel model need to be considered for indoor factory model but also not a must. No new models or scenarios need to be defined for other scenarios.

	ESA
	Channel models used for outdoor are ill-adapted for positioning evaluation simulations since these were developed as communication channel models. For future positioning studies item 21b should be sorted out soon.

	CATT
	H(21a, 21b, 21c)

	Fraunhofer IIS,Fraunhofer HHI
	Support 21a, 21b,21c(c) and 23. 
Objective 22: extend the evaluation methodology in Rel-16 if needed.

	Mitsubishi Electric
	High priority for21a,21c(c)

	Apple
	NR-U positioning scenario should be removed. High priority items are 21c(a), 22 and 23(device power consumption)

	CMCC
	H(21a, 21b, 21c(a,c), 21d)

	LGE
	As a starting point, the channel models and the evaluation methodoligies in Rel.16 can be reused, but if necessary for e.g. new features, a revision is also considered for Rel.17. Channel models for V2X positioning and an evaluation methodology for low device power consumption are consdered as high priority.

	Volkswagen AG
	High priority (21b,21c, 21d, 23)

	Huawei, HiSilicon
	Support 21 in general except the NR-U positioning scenario. See our reply on NR-U positioning in Item#12. For IIoT positioning, the Rel-16 evaluation methodology in TR 38.855 can be reused. For V2X positioning, new evaluation methodology should be studied in Rel-17.

	Sony
	Considering Rel-17 may have new requirements (e.g. new parameter(s), tighter requirement(s)) and also new use-cases (V2X, NR-u, IIoT). We agree with the proposed text above.

	Ericsson
	We think industrial factory channel model added to 38.901 should be included in the industrial evaluation. A model for NLOS channel for excess propagation delay should be included while evaluating other scenarios as well. 

	Intel 
	High – for 21(a,b,c). NR-U scenario is considered with lower priority in R17 due to wide scope. 21(d) can be low priority for the same reason
High for 22 (inputs from IIoT 38.901 should be taken into account). Medium for 23.





10. 	Other Comments
	Company
	Comments

	vivo
	There’re more than twenty proposed objectives for a potential Rel-17 positioning SI/WI. We think the scope of all the proposed objectives are too large to be considered/completed for Rel-17. 






11. 	Summary
The Table below summarizes the companies’ priorities for the Candidate Objectives listed in sections 4-8 above. 
Candidate Objectives considered as high priority by 10 or more companies are highlighted in green.
	Candidate Objective
	High Priority
total # /companies
	Medium Priority
total # /companies
	Low Priority
total # /companies
	Not needed
total # /companies

	
	H
	
	M
	
	L
	
	X
	

	1.	Study, and if appropriate, specify support for positioning of 	UEs in RRC idle/inactive states.
	22
	Nokia, Qualcomm, Vivo, Deutsche Telekom, CATT, Fraunhofer IIS, Fraunhofer HHI, Mitsubishi Electric, Futurewei, Volkswagen, Polaris Wireless, Huawei, HiSilicon, Sony, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM, Ericsson, Intel
	4
	UIC, Spreadtrum, Apple, MTK
	1
	LGE
	1
	ZTE

	[bookmark: _Hlk25627780]2.	Study, and if appropriate, specify additional support and 	enhancements for UE-based positioning.
	13
	Qualcomm, UIC, Deutsche Telekom, Apple, Volkswagen, Sony, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM, MTK
	4
	Vivo, Fraunhofer IIS,
Fraunhofer HHI, Ericsson
	10
	Nokia, CATT, Spreadtrum, CMCC, LGE, Futurewei, Polaris Wireless, Huawei, HiSilicon, Intel
	1
	ZTE

	[bookmark: _Hlk25627793]3.	Study, and if appropriate, specify enhancements to DL/UL 	positioning reference signals.
	2
	Deutsche Telekom, Mitsubishi Electric
	1
	Ericsson
	4
	Apple, LGE, Sony, Intel
	4
	Nokia, Vivo, ZTE, Futurewei

			 (a)	Consider improved accuracy/latency.
	11
	Qualcomm, UIC, CATT, Fraunhofer IIS,
Fraunhofer HHI, KDDI, CMCC, Polaris Wireless, Huawei, HiSilicon, MTK
	1
	Spreadtrum
	
	
	
	

			 (b)	Consider support for LTE PRS in NR-only terminals to 					enable dynamic spectrum sharing.
	1
	Polaris Wireless
	
	
	3
	Huawei, HiSilicon, MTK
	
	

			 (c)	Consider enhancements to support Doppler (velocity) 					estimation.
	7
	UIC, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM
	
	
	3
	Huawei, HiSilicon, MTK
	
	

	4.	Study, and if appropriate, specify support for NR positioning 	with sidelink interface.
	15
	Qualcomm, CATT, Spreadtrum, Apple, CMCC, LGE, Volkswagen, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM, Xiaomi, Intel
	10
	Nokia, UIC, Deutsche Telekom, Fraunhofer IIS,
Fraunhofer HHI, Mitsubishi Electric, Futurewei, Polaris Wireless, Sony, MTK
	3
	Huawei, HiSilicon, Ericsson
	2
	Vivo, ZTE

	5.	Study, and if appropriate, specify support for NR Positioning 	in unlicensed spectrum for Uu air-interface.
	2
	Nokia, Qualcomm
	5
	ESA, CATT, Futurewei, Sony, Intel
	8
	Deutsche Telekom, Fraunhofer IIS,
Fraunhofer HHI, LGE, Polaris Wireless, Huawei, HiSilicon, Ericsson
	13
	Vivo, UIC, ZTE, Spreadtrum, Apple, CMCC, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM, MTK

	6.	Study, and if appropriate, specify enhancements to 	positioning measurements and reporting.
	1
	Ericsson
	10
	ZTE, Futurewei, Sony, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM, MTK
	1
	LGE
	1
	Apple

		 	(a)	Consider higher resolution of UE/gNB measurements 					reporting.
	5
	Nokia, UIC, Deutsche Telekom, Spreadtrum, CMCC
	4
	Vivo, CATT, Fraunhofer IIS,
Fraunhofer HHI
	
	
	
	

			(b)	Consider enhancements of NR Uu air-interface and 						protocols.
	
	
	1
	Deutsche Telekom
	
	
	3
	Nokia, Vivo

		 	(c)	Consider the use of CSI measurements.
	5
	UIC, Spreadtrum, Polaris Wireless, Huawei, HiSilicon
	1
	Deutsche Telekom
	
	
	2
	Nokia, Vivo

	7.	Study, and if appropriate, specify enhancements to Rel-16 	positioning techniques.
	1
	Sony
	6
	CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM
	1
	Ericsson
	1
	Vivo

		 	 (a)	Consider improved accuracy/latency.
	17
	Nokia, Qualcomm, UIC, Deutsche Telekom, CATT, Fraunhofer IIS,
Fraunhofer HHI, Spreadtrum, KDDI, CMCC, LGE, Futurewei, Volkswagen, Huawei, HiSilicon, Intel, MTK
	3
	Swift Navigation, ESA, Apple
	
	
	
	

		 	 (b)	Consider low UE complexity for NR OTDOA.
	3
	Deutsche Telekom, LGE, Apple
	1
	Nokia
	
	
	
	

		 	 (c)	Consider low power positioning.
	3
	Deutsche Telekom, Volkswagen, Apple
	
	
	
	
	1
	Nokia

		 	 (d) Consider PRS based TBS enhancements to support PRS-				only TP as RSTD reference cell in both UE-assisted and 					UE-based mode.
	1
	ZTE
	
	
	
	
	2
	Nokia, Apple

		 	 (e)	Consider enhancements of vertical positioning accuracy.
	8
	Deutsche Telekom, CATT, KDDI, CMCC, Futurewei, Volkswagen, Polaris Wireless, MTK
	1
	Nokia
	
	
	1
	Apple

	8.	Study, and if appropriate, specify enhancements to resource 	allocation and interference management.
	1
	Sony
	1
	Polaris Wireless
	2
	LGE, Futurewei
	5
	Vivo, UIC, ZTE, Spreadtrum, Apple

		 	 (a)	Consider flexible and dynamic PRS resource allocation for 				positioning of a large number of devices.
	9
	CATT, Fraunhofer IIS,
Fraunhofer HHI, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM
	
	Deutsche Telekom, Huawei, HiSilicon
	
	Nokia
	
	

		 	 (b)	Consider support for coordination of interference for UL 					multi-TRP positioning.
	2
	Fraunhofer IIS,
Fraunhofer HHI
	
	
	
	Nokia
	
	

		 	 (c)	Consider efficient resource allocation in DL-PRS 							transmission (e.g., on-demand PRS).
	12
	Nokia, Qualcomm, CMCC, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM, Ericsson, Intel, MTK
	2
	Huawei, HiSilicon
	
	
	
	

		 	 (d)	Consider enhancements of orthogonalitization and 						interference suppression to enable high density 							infrastructure deployment.
	3
	Fraunhofer IIS,
Fraunhofer HHI, Intel
	
	
	1
	Nokia
	
	

		 	 (e)	Consider scalability enhancements to ensure that reliability 				requirements can also be met in scenarios with high load.
	10
	Fraunhofer IIS,
Fraunhofer HHI, Volkswagen, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM, Intel
	1
	Deutsche Telekom
	1
	Nokia
	
	

	9.	Study, and if appropriate, specify enhancements to 	positioning architecture, signalling and procedures.
	1
	Sony
	
	
	2
	LGE, Futurewei
	1
	Apple

		 	 (a)	Consider support for UE and/or network assistance for UE 				and network calibration (group delay, NW synchronization).
	11
	Qualcomm, UIC, CATT, CMCC, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM, MTK
	2
	Fraunhofer IIS,
Fraunhofer HHI
	2
	Huawei, HiSilicon
	2
	Nokia, Vivo

		 	 (b)	Consider enhancements to positioning procedures to 					increase accuracy and reduce latency.
	18
	Nokia, Qualcomm, Vivo, UIC, Deutsche Telekom, CATT, Spreadtrum, KDDI, CMCC, Volkswagen, Polaris Wireless, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM, MTK
	3
	Swift Navigation, Fraunhofer IIS,
Fraunhofer HHI
	
	
	
	

		 	 (c)	Consider enhancements of two-step RACH for NR 						positioning.
	2
	Vivo, Intel
	1
	ZTE
	2
	Huawei, HiSilicon
	1
	Nokia

		 	 (d)	Consider location management functionalities in the RAN 				and coordination between LMC in RAN and 5GC entities.
	15
	Nokia, Qualcomm, ZTE, CATT, Spreadtrum, CMCC, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM, Xiaomi, MTK, China Unicom
	
	
	3
	Vivo, Huawei, HiSilicon
	
	

		 	 (e)	Consider realtime integrity support to assess the position 				estimate accuracy.
	6
	UIC, Deutsche Telekom, Swift Navigation, ESA, Mitsubishi Electric, Volkswagen
	
	
	
	
	5
	Nokia, Vivo, Huawei, HiSilicon, Ericsson

		 	 (f) For RAT dependent UE based positioning methods, 						consider UE feedback to the location server for adaptive 					assistance data.
	3
	CATT, Ericsson, MTK
	3
	Nokia, Huawei, HiSilicon
	1
	Volkswagen
	1
	Vivo

	10.	Study, and if appropriate, specify support for additional NR 	positioning techniques, measurements and procedures.
	
	
	7
	CMCC, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM
	3
	LGE, Futurewei, Sony
	6
	Nokia, Vivo, UIC, Deutsche Telekom, ZTE, Spreadtrum

		 	 (a)	Consider carrier-phase based positioning.
	1
	CATT
	3
	Fraunhofer IIS,
Fraunhofer HHI, MTK
	
	
	2
	Ericsson,Apple

		 	 (b)	Consider positioning of UEs using UL Received Signal 					Waveforms.
	2
	Polaris Wireless, Intel
	
	
	
	
	2
	Ericsson, Apple

		 	 (c)	Consider  IAB-based positioning.
	1
	Ericsson
	
	
	
	
	1
	Apple

		 	 (d)	Consider multipath assisted positioning.
	6
	CATT, Polaris Wireless, Huawei, HiSilicon, Ericsson, MTK
	
	
	
	
	1
	Apple

		 	 (e)	Consider differential NR positioning.
	1
	CATT
	
	
	
	
	2
	Ericsson, Apple

		 	 (f)	Consider cooperative positioning.
	2
	CATT, Apple
	
	
	
	
	1
	Ericsson

	11. Study and, if appropriate, specify positioning enhancements 	and solutions necessary to support the positioning 	requirements for NR V2X use cases considering in-network 	coverage, out-of-network coverage, and partial network 	coverage scenarios in ITS licensed and unlicensed bands in 	FR1 and FR2:
	
	
	
	
	
	
	
	

		a.	support sidelink based / assisted positioning techniques.
	12
	Vivo, Spreadtrum, Apple, LGE, Futurewei, Sony, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM
	2
	Nokia, Ericsson
	
	
	
	

			a.1		reuse UL/DL RSs from Rel-16 for sidelink, when 							possible.
	9
	Qualcomm, Fraunhofer IIS, Fraunhofer HHI, CMCC, Polaris Wireless, Huawei, HiSilicon, Intel, MTK
	1
	Deutsche Telekom
	
	
	
	

			a.2		support time (range), angle and Doppler measurements.
	12
	Qualcomm, ESA, CATT, Fraunhofer IIS, Fraunhofer HHI, CMCC, Volkswagen, Polaris Wireless, Huawei, HiSilicon, Intel, MTK
	1
	Deutsche Telekom
	
	
	
	

			a.3		support heavy urban scenarios.
	8
	Qualcomm, ESA, CATT, CMCC, Volkswagen, Polaris Wireless, Intel, MTK
	1
	Deutsche Telekom
	
	
	
	

			a.4		aim for reduced power consumption for pedestrian 						devices.
	8
	Qualcomm, ESA, Fraunhofer IIS, Fraunhofer HHI, Volkswagen, Huawei, HiSilicon, Intel
	1
	Deutsche Telekom
	
	
	
	

			a.5		aim for reduced V2P false alarms caused by inaccurate 					positioning.
	5
	Qualcomm, ESA, Volkswagen, Intel, MTK
	1
	Deutsche Telekom
	
	
	
	

			a.6		support UE-based positioning.
	8
	Qualcomm, ESA, CATT, Volkswagen, Huawei, HiSilicon, Intel, MTK
	1
	Deutsche Telekom
	3
	Nokia, Fraunhofer IIS, Fraunhofer HHI
	
	

			a.7		consider advanced positioning techniques (e.g. NR 						carrier phase positioning, differential NR 									positioning, cooperative positioning, etc).
	4
	CATT, Volkswagen, Huawei, HiSilicon
	3
	Fraunhofer IIS, Fraunhofer HHI, CMCC
	
	
	2
	Nokia, vivo

		b.	support Uu based positioning techniques and enhancements.
	3
	Deutsche Telekom, CMCC, LGE
	2
	Sony, MTK
	5
	Apple, Polaris Wireless, Huawei, HiSilicon, Ericsson
	3
	Nokia, vivo, Futurewei

			b.1		Support dense deployment for high accuracy network 					based positioning at designated areas in coverage.
	1
	CATT
	
	
	
	
	
	

		c.	support RAT-independent techniques and enhancements.
	3
	Deutsche Telekom, Swift Navigation, LGE
	4
	CMCC, Futurewei, Polaris Wireless, Sony
	2
	Ericsson, MTK
	2
	Nokia, vivo

			c.1	consider exchange of GNSS measurements and assistance 				data via sidelink; e.g. for  moving base GNSS RTK 						techniques.
	3
	ESA, Spreadtrum, Volkswagen
	3
	Fraunhofer IIS, Fraunhofer HHI, Apple
	
	
	
	

			c.2	consider validity time of GNSS assistance data for partial/out 			of network coverage.
	1
	Volkswagen
	1
	Apple
	
	
	
	

			c.3	consider additional RAT independent techniques (e.g. 					camera, sensors, etc.).
	1
	CATT
	
	
	1
	Volkswagen
	1
	Apple

		d. 	support distributed and/or beamforming antennas.
	6
	CATT, LGE, Volkswagen, Polaris Wireless, Huawei, HiSilicon
	1
	Futurewei
	3
	Sony, Ericsson, MTK
	4
	Nokia, vivo, Deutsche Telekom, Apple

	12.	Study and, if appropriate, specify positioning enhancements 	and solutions necessary to support NR positioning in 	unlicensed spectrum considering licensed assisted NR-U 	 	 	(where control and assistance are available using licensed 	spectrum), and stand-alone NR-U (where control and 	assistance are not available using licensed spectrum):
	3
	Qualcomm, CATT, Sony
	2
	Deutsche Telekom, Futurewei
	7
	Vivo, LGE, Volkswagen, Polaris Wireless, Huawei, HiSilicon, MTK	
	3
	ZTE, Apple, Ericsson 

		a.	Identify and, if appropriate, specify necessary enhancements or 			modifications to existing positioning solutions for support in 				unlicensed bands.
	4
	Nokia, Qualcomm, CATT, Sony
	3
	Deutsche Telekom, Futurewei, Intel
	5
	LGE, Polaris Wireless, Huawei, HiSilicon, MTK
	3
	ZTE, Apple, Ericsson

		b.	Identify and, if appropriate, specify necessary modifications to 			UL/DL reference signals to facilitate positioning using unlicensed 		spectrum, including necessary enhancements to medium access 	 	 (LBT).
	4
	Nokia, Qualcomm, CATT, Sony
	4
	Futurewei, Huawei, HiSilicon, Intel
	3
	LGE, Polaris Wireless, MTK
	3
	ZTE, Apple, Ericsson

		c. 	Consider sharing aspects between measurements on licensed 			and unlicensed band; e.g., licensed band provides the 					measurements that needs small overhead of PRS and 					unlicensed band provides the measurements with large 					overhead of PRS.
	3
	CATT, Huawei, HiSilicon
	
	
	3
	LGE, Polaris Wireless, MTK
	2
	ZTE, Apple

	13.	Study and, if appropriate, specify positioning enhancements and solutions necessary to support the positioning requirements for (I)IoT use cases:
	16
	Qualcomm, Fraunhofer IIS, Fraunhofer HHI, CMCC, Volkswagen, Huawei, HiSilicon, Sony, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM, Ericsson, MTK
	3
	Vivo, ZTE, Futurewei
	3
	Apple, LGE, Polaris Wireless
	
	

		a. 	Evaluate the achievable positioning accuracy and latency with 			the Rel-16 positioning solutions in IIoT scenarios and identify 			any performance gaps.	
	20
	Nokia, Qualcomm, Deutsche Telekom, CATT, Fraunhofer IIS, Fraunhofer HHI, Mitsubishi Electric, CMCC, Volkswagen, Huawei, HiSilicon, Sony, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM, Intel, MTK
	4
	Vivo, ZTE, ESA, Futurewei
	3
	Apple, LGE, Polaris Wireless
	
	

		b.	Consider enhancements to positioning techniques, positioning 			reference signals, measurements and 
		architecture/procedures/signalling:
	5
	Deutsche Telekom, Fraunhofer IIS, Fraunhofer HHI, Mitsubishi Electric, Sony
	1
	Futurewei
	5
	Vivo, ZTE, Apple, LGE, Polaris Wireless
	
	

			b.1	aim for energy efficiency, reduced power consumption and 				reduced complexity.
	15
	CATT, Fraunhofer IIS, Fraunhofer HHI, CMCC, Volkswagen, Huawei, HiSilicon, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM, Ericsson, MTK
	
	
	
	
	
	

			b.2 consider update rates required for position tracking.
	3
	Volkswagen, Ericsson, MTK
	
	
	
	
	
	

			b.3	consider IIoT LCS clients which are external to a 3GPP 					network (e.g., a server).
	1
	Qualcomm
	
	
	2
	Huawei, HiSilicon
	1
	Ericsson

			b.4	consider deployments optimized for positioning.
	3
	Huawei, HiSilicon, Ericsson
	
	
	
	
	1
	Vivo

			b.5	consider sidelink-aided positioning.
	9
	Volkswagen, Huawei, HiSilicon, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM
	1
	Ericsson
	
	
	1
	Vivo

			b.6 consider advanced positioning techniques. 
	8
	CATT, Fraunhofer IIS, Fraunhofer HHI, CMCC, Huawei, HiSilicon, Ericsson, MTK
	
	
	
	
	2
	Vivo, Nokia

	14.	Extend support of NavIC to NR.
	9
	Qualcomm, Huawei, HiSilicon, CEWiT, Reliance Jio, Tejas Neworks, Saankhya labs, IITH, IITM
	1
	Futurewei
	3
	Nokia, Apple, Polaris Wireless
	3
	UIC, Deutsche Telekom, ZTE, 

	15.	Add support for BDS B2a signal.
	9
	Swift Navigation, CATT, Huawei, HiSilicon, ZTE, OPPO, vivo, China Unicom, CAICT
	
	
	5
	Nokia, Vivo, Apple, Futurewei, Polaris Wireless
	2
	UIC, Deutsche Telekom

	16.	Specify minimum performance requirements for HA GNSS.
	2
	UIC, Mitsubishi Electric
	2
	Swift Navigation, ESA
	3
	Apple, Futurewei, Polaris Wireless
	4
	Nokia, Vivo, Deutsche Telekom, ZTE

	17. Study and, if appropriate, specify GNSS positioning 	enhancements and solutions:
	3
	UIC, Deutsche Telekom, Mitsubishi Electric
	1
	Apple
	2
	Futurewei, Polaris Wireless
	3
	Nokia, Vivo, ZTE

		a.	Define positioning integrity KPIs and extensions to enhance 				integrity, authenticity, and reliability of High Accuracy GNSS 				assistance data and position information.
	3
	Swift Navigation, ESA, Ericsson
	
	
	
	
	
	

		b.	Consider bandwidth-efficient format of correction information.
	
	
	1
	Swift Navigation
	1
	ESA
	1
	Ericsson

	18.	Study and, if appropriate, specify Bluetooth positioning 	enhancements and solutions:
	1
	Ericsson
	1
	Polaris Wireless
	1
	Futurewei
	6
	Nokia, Vivo, UIC, Deutsche Telekom, ZTE, Apple

		a.	Consider recent additions to Bluetooth positioning for angle of 			arrival/departure and ranging.
	
	
	
	
	
	
	
	

	19.	Study and, if appropriate, specify enhancements and solutions 	to 	support hybrid positioning:
	6
	UIC, CATT, Fraunhofer IIS, Fraunhofer HHI, Volkswagen, Sony
	2
	Deutsche Telekom, Polaris Wireless
	2
	Futurewei, Ericsson
	3
	Nokia, Vivo, ZTE

		a.	Consider enhancements for positioning protocol to support 				seamless positioning for moving devices.
	
	
	1
	Apple
	
	
	
	

		b.	Consider cooperative-positioning based on GNSS and NR 				sidelink.
	2
	ESA, Apple
	
	
	
	
	
	

	20.	Study and, if appropriate, specify enhancements and solutions 	to 	improve vertical positioning; e.g.enhancements for 	barometric pressure sensor positioning method to enhance 	height estimation accuracy.
	5
	UIC, CATT, Volkswagen, Polaris Wireless, Ericsson
	2
	Nokia, Deutsche Telekom
	2
	Apple, Futurewei
	2
	Vivo, ZTE

	21.	Define the scenarios for evaluation of positioning 	enhancements and requirements for new use cases:
	
	
	
	
	
	
	
	

		a.	Reuse Rel-16 scenarios and channel models (TR 38.855) where 		possible.
	9
	Qualcomm, CATT, Fraunhofer IIS, Fraunhofer HHI, Mitsubishi Electric, CMCC, Huawei, HiSilicon, Intel
	
	
	
	
	
	

		b.	Consider revisions of Rel-16 channel models and scenarios to 			better evaluate solutions.
	9
	Qualcomm, CATT, Fraunhofer IIS, Fraunhofer HHI, CMCC, Volkswagen, Huawei, HiSilicon, Intel
	
	
	
	
	
	

		c.	Define additional scenarios to evaluate the performance for new 		use cases and requirements, taking into account already defined 		scenarios and channel models for each feature:
	6
	Qualcomm, CATT, Volkswagen, Huawei, HiSilicon, Intel
	
	
	
	
	
	

			 (a)		V2X positioning scenario;
	6
	Qualcomm, Apple, CMCC, LGE, Huawei, HiSilicon
	
	
	
	
	
	

		 	 (b)		NR-U positioning scenario;
	1
	Qualcomm
	
	
	1
	Intel
	3
	Apple, Huawei, HiSilicon

			 (c)		IIoT positioning scenario.
	7
	Qualcomm, Fraunhofer IIS, Fraunhofer HHI, Mitsubishi Electric, CMCC, Huawei, HiSilicon
	
	
	
	
	
	

		d.	The scenarios should allow 3D positioning evaluations where 			needed (i.e., incl. altitude).
	4
	CMCC, Volkswagen, Huawei, HiSilicon
	
	
	1
	Intel
	
	

	22.	Reuse the Rel-16 evaluation methodology for positioning 	performance (TR 38.855).
	3
	Qualcomm, Apple, Intel
	
	
	
	
	
	

	23.	Define an evaluation methodology for latency and device 	power consumption.
	6
	Vivo, Fraunhofer IIS, Fraunhofer HHI, Apple, LGE, Volkswagen
	1
	Intel
	
	
	
	







12. 	Proposed Objectives
The Candidate Objectives highlighted in green in section 11 can be summarized and combined as follows:
	
	Moderator’s Comment

	1. 	Specify support for positioning of UEs in RRC idle/inactive states. [RAN2, RAN1]
	Candidate Objective #1; 
already part of the Study in TR 38.855, clause 9.4.5.

	2. 	Specify location management functionalities in the RAN (Location Management Component (LMC)) 	and coordination between LMC in RAN and 5GC entities. [RAN3, RAN2]
	Candidate Objective #9d; 
already part of the Study in TR 38.855, clause 9.3.1/2 and TR 38.856

	3. 	Study and, if appropriate, specify positioning enhancements and solutions necessary to support the 	high 	accuracy and low latency requirements for commercial uses cases (e.g., (I)IoT use cases):
	Generalisation of Candidate Objective #13.

		a. 	Define additional IIoT scenarios to evaluate the performance for IIoT use cases and 							requirements based on TR 38.901. [RAN1]
	Candidate Objective #21c

		b. 	Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning 						solutions in IIoT scenarios and identify any performance gaps. [RAN1]	
	Candidate Objective #13a

		c. 	Support enhancements to Rel-16 positioning techniques, DL/UL positioning reference signals, 				positioning architecture, signalling and procedures for improved accuracy and reduced 						latency, including:  
	Combination of Candidate Objectives #7/7a, #3/3a, #9/9b

			i. 	Additional support and enhancements for UE-based positioning. [RAN2]
	Candidate Objective #2

			ii. 	Support efficient resource allocation in DL-PRS transmission (e.g., on-demand 								PRS). [RAN2, RAN1, RAN3]
	Candidate Objective #8c

			iii. 	Support scalability enhancements to ensure that requirements can also be met in scenarios with 				high load. [RAN2, RAN1, RAN3]
	Candidate Objective #8e

			iv. Support UE and/or network assistance for UE and network calibration 	(group delay, NW 					synchronization). [RAN2, RAN1, RAN3]
	Candidate Objective #9a

			v. 	Support energy efficiency, reduced power consumption and reduced complexity for 	 	 	 		 		(I)IoT devices. [RAN1, RAN2]
	Candidate Objective #13,b.1

		d. 	Support NR positioning with sidelink interface. [RAN1, RAN2]
	Candidate Objective #4

	4. 	Study and, if appropriate, specify positioning enhancements and solutions necessary to support the 	positioning requirements for NR V2X use cases considering in-network coverage, out-of-network 	coverage, and partial network coverage scenarios in ITS licensed bands in FR1 and FR2:
	Candidate Objective #11, but without ‘unlicensed’

		a. 	Define evaluation scenarios for V2X use cases. [RAN1]
	Candidate Objective #21a

		b. 	Support sidelink based / assisted positioning techniques. [RAN1, RAN2]
	Candidate Objective #11a

		c. 	Support time (range), angle and Doppler measurements. [RAN1]
	Candidate Objective #11a, a.2
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