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Introduction
The need for UE-based positioning requirements was outlined in [1] in RAN4#93 meeting as it was in previous RAN4 meetings but there have not been any online discussions on this topic. We reiterative our views in this paper and provide a path forward for defining the corresponding requirements. 
Discussion
We list a selection of benefits of RAT-dependent DL-only UE-based positioning and elaborate on them. These benefits were already highlighted in [1] and other papers.
· Enabling new use cases: Location-based services (LBS) are already prevalent and NR is driven by commercial requirements with support for location-based applications on the UE. Mobility use cases including UE tracking, XR, automative, factory automation, UE navigation, and gaming are just a few examples of the use cases. 

· Enabling improved performance of existing use cases: hybridization with other measurement types available on the UE through native support of Kalman filtering (as an example) can improve accuracy, reliability, responsiveness, integrity, and overall reliability of positioning. Compared to UE-assisted positioning, UE-based positioning can make more efficient use of hybrid positioning since modification of the inner workings of the individual positioning methods can be implemented without specific signaling support. UE may also be better able to select the positioning sub-systems to use in a particular scenario, e.g., using Inertial Measurement Unit (IMU) as a motion state detector in stationary conditions as opposed to Inertial Navigation System (INS). 


· Improved scalability: UE-assisted positioning requires Location Management Function (LMF) to serve numerous users and the LMF will have an upper capacity limit. In UE-based positioning, data reduction can be done on the UE with no inherent computational capacity limit by adding more users. 

· Improved operational range: measurement of reference signals can be done at a lower received power level compared to UE-assisted as UE can intelligently decide which reference signals to measure and/or which measurements to use for positioning fix.

· Low UL overhead: if UE is also the consumer of the positioning measurements, no transmission of data is needed. Even if UE is not the end consumer of the location information, reporting the location content requires very small UL overhead as the content is small. On the other hand, in UE-assisted positioning, reporting of multitude of measurements with significantly larger data volume is required. 

· Low latency: positioning fix can be produced almost instantaneously after making the first few measurements to get a rough fix and then improving the accuracy as more measurements are made. In contract, UE-assisted positioning needs to account for the delay of location measurement/content through RAN and Core Network (CN)

· Very low specifications impact: adding new measurement types (e.g., Doppler) has no impact on standards specifications and protocols. Furthermore, positioning applications can be readily tailored to specific device categories or service requirements. 

· Parity with RAT-independent UE-based features: UE-based RAT-independent positioning (e.g., using GNSS or WiFi) is already prevalent in UEs. UE-based RAT-dependent positioning enables service differentiation for operators. 

Observation 1. RAT-dependent UE-based positioning has numerous benefits including but not limited to the following:
· Enabling new use cases
· Enabling improved performance of existing use cases
· Improved scalability
· Improved operational range
· Low UL overhead
· Low latency
· Very low specifications impact
· Parity with RAT-independent UE-based positioning

While the discussions are still ongoing in RAN1/2 working groups, the predominant view is that UE-based positioning will be a separate UE capability. Furthermore, RAN2 agreements show that this feature will be optional from both gNB and UE side.
Observation 2. UE-based positioning is optional from both gNB and UE side.
A UE operating in UE-based positioning mode does not have to meet the measurement accuracy requirements for each reference signal. As long as UE meets the final positioning requirements, it has the freedom to obtain the measurements as it sees fit. For example, it can choose to use only a few strong reference signals for the positioning fix as opposed to UE-assisted positioning in which UE is required to send back the measurements for all the reference signals in the assistance data. Moreover, it can choose to use more measurements of lower accuracy (where each may fail the RSTD accuracy requirements) or fewer measurements of higher accuracy depending on the complexity of the positioning algorithm it uses. 
Observation 3. In UE-based positioning, UE does not have to meet the measurement accuracy requirements defined in UE-assisted positioning so long as it meets the final positioning requirements. Hence, it cannot be assumed that a UE which meets the measurement accuracy requirements in UE-assisted positioning will meet the positioning requirements in UE-based positioning. In other words, UE-based and UE-assisted positioning are complementary modes. 
Given the above discussions, there is no risk to anyone in adding more capability to the standard and the requirement specification. It enables more tools in the toolbox for the carriers to support their Emergency Services and LBS services. Commercial deployment choices will be driven by market needs and performance benefits on a carrier per carrier basis. 
Observation 4. There is no risk in adding more capability to the standard and the requirement specifications. It enables another tool in the toolbox for the carriers to support their Emergency Services and LBS services. Commercial deployment choices will be driven by market needs and performance benefits on a carrier per carrier basis. 
In TS 37.355 on positioning protocol, the support for positioning modes are indicated in the form of a bit map as in the following:
[bookmark: _Toc12618253][bookmark: _Hlk31900740]–	PositioningModes
The IE PositioningModes is used to indicate several positioning modes using a bit map.
-- ASN1START

PositioningModes ::= SEQUENCE {
	posModes		BIT STRING {	standalone	(0),
									ue-based	(1),
									ue-assisted	(2)
	} (SIZE (1..8)),
	...
}

-- ASN1STOP

	PositioningModes field descriptions

	posModes
This field specifies the positioning mode(s). This is represented by a bit string, with a one‑value at the bit position means the particular positioning mode is addressed; a zero‑value means not addressed.



Support of positioning modes are signalled independent of other modes. This means that a UE can support UE-based positioning but not UE-assisted positioning. Lack of performance requirements for UE-based positioning effectively means that UEs that only support UE-based positioning will operate in the NW without conformance testing or certification. 
Observation 5. Support of positioning modes are signalled independent of other modes. This means that a UE can support UE-based positioning but not UE-assisted positioning. Lack of performance requirements for UE-based positioning effectively means that UEs that only support UE-based positioning will operate in the NW without conformance testing or certification. 
In [2], it was proposed to define requirements for UE-based positioning in TS 38.171. We note that TS 38.171 contains the specifications for RAT-independent positioning requirements as the title suggests: “NR; Requirements for support of Assisted Global Navigation Satellite System (A-GNSS).” Hence, it is not a proper place for capturing the requirements for NR UE-based positioning which is RAT dependent. We reiterate our proposal from [1] for RAN4 to define UE-based DL-only positioning performance requirements in terms of 2-D position error and max response time. 
Proposal 1. RAN4 to define UE-based DL-only positioning performance requirements in terms of at least 2-D position error and max response time and the corresponding test case(s) in TS 38.133. 
To arrive at positioning and latency requirements for Proposal 1, system-level simulations that were used for PRS SNR side conditions can be used to set a guideline and the PRS configurations along with the number of DL PRS resources that achieved the corresponding positioning error can be translated to the latency requirement by considering a reasonable NW overhead in terms of periodicity of PRS resources.
Conclusions
Observation 1. RAT-dependent UE-based positioning has numerous benefits including but not limited to the following:
· Enabling new use cases
· Enabling improved performance of existing use cases
· Improved scalability
· Improved operational range
· Low UL overhead
· Low latency
· Very low specifications impact
· Parity with RAT-independent UE-based positioning

Observation 2. UE-based positioning is optional from both gNB and UE side.
Observation 3. In UE-based positioning, UE does not have to meet the measurement accuracy requirements defined in UE-assisted positioning so long as it meets the final positioning requirements. Hence, it cannot be assumed that a UE which meets the measurement accuracy requirements in UE-assisted positioning will meet the positioning requirements in UE-based positioning. In other words, UE-based and UE-assisted positioning are complementary modes. 
Observation 4. There is no risk in adding more capability to the standard and the requirement specifications. It enables another tool in the toolbox for the carriers to support their Emergency Services and LBS services. Commercial deployment choices will be driven by market needs and performance benefits on a carrier per carrier basis. 
Observation 5. Support of positioning modes are signalled independent of other modes. This means that a UE can support UE-based positioning but not UE-assisted positioning. Lack of performance requirements for UE-based positioning effectively means that UEs that only support UE-based positioning will operate in the NW without conformance testing or certification. 
Proposal 1. RAN4 to define UE-based DL-only positioning performance requirements in terms of at least 2-D position error and max response time and the corresponding test case(s) in TS 38.133. 
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