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Introduction
In RAN#94-e meeting, a new SID on study on expanded and improved NR positioning was approved [1]. The motivation to evaluate the performance and identify performance gaps for RedCap UEs supporting NR positioning functionalities is justified:
	· Positioning support for RedCap UEs, considering the following:
· Evaluate positioning performance of existing positioning procedures and measurements with RedCap UEs[RAN1]
· Based on the evaluation, assess the necessity of enhancements and, if needed, identify enhancements to help address limitations associated with for RedCap UEs [RAN1, RAN2]



In RAN1#110 meeting, agreement on target requirements for RedCap UE positioning was made, along with remaining evaluation assumptions [2]:
	Agreement
For the purpose of the Rel-18 study 
· The target accuracy requirements for RedCap UEs for commercial use cases are defined as follows:
· Indoor and outdoor
· Horizontal position accuracy (< 3 m) for 90% of UEs
· Vertical position accuracy (< 3 m) for 90% of UEs 
· The target accuracy requirements for RedCap UEs for IIoT use cases are defined as follows:
· Horizontal position accuracy (<1 m) for 90% of UEs 
· Vertical position accuracy (< 3 m) for 90% of UEs  
· Note: the requirements may not be met in all scenarios and use cases

Agreement
CDF values for evaluations of Redcap UE Positioning scenarios are derived based on:
· The reported CDF points used as performance metrics in the evaluation include at least the 50%, 67%, 80%, 90% percentiles.
· For indoor scenarios 
· (Required): The UEs inside the convex hull of the horizontal BS deployment area.
· (Optional): All the UEs

Agreement
The following table is endorsed to capture the evaluation scenarios and parameters in the evaluation results section of the TR:
Table 3.2-2 evaluation scenarios and parameters template
	Parameter
	Case XYZ (channel model, FRx)

	Scenario (baseline, otherwise state any modifications)
	

	Carrier frequency
	

	Subcarrier spacing
	

	Reference Signal Transmission Bandwidth
	

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	

	Reference signal
(type of sequence, number of ports, …)
	

	Number of sites
	

	Number of symbols used per occasion
	

	number of occasions used per positioning estimate
	

	Power-boosting level
	

	Uplink power control (applied/not applied)
	

	interference modelling (ideal muting, or other)
	

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	

	Network synchronization assumptions
	

	UE/gNB RX and TX timing error
	

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	

	UE antenna configuration
	

	Number of UE branches
	

	Description of enhancement solutions, if any
	

	gNB antenna configuration 
	

	UE noise figure  
	

	UE antenna height
	

	gNB antenna height
	

	Additional notes, if any
	



Agreement
Endorse the templates in section 7 in R1-2207749 to collect RedCap UE positioning simulation results, with the following notes:
· The first table as endorsed in previous agreement
· Add a column to the second table for capturing whether the requirement is met or not met
· The TR editor can adjust the sections/sub-sections arrangement
· Adjust the titles of the tables to refer to RedCap UE positioning

Agreement
For the evaluation of redcap UEs in the RMa scenarios, companies should report their evaluations parameters with their results. 

Agreement
The potential benefits and performance gains of frequency hopping of the DL PRS and UL SRS can be investigated in release 18, which may take into account at least the following:
· The impact of Doppler, phase offset, timing offset, power imbalance among hops
· RedCap UE capability and complexity considerations
· Impact of RF retuning during frequency hopping
· Details of frequency hopping (including Tx hopping and/or Rx hopping, BWP switching) for the study are FFS



In this contribution, we continually discuss on potential enhancements.

Discussion
[bookmark: _Ref31533076]Based on the evaluation in Rel-16/17 SI, it seems that it may have risk of a RedCap UE with 20MHz bandwidth and low Tx/Rx capability to achieve meter level positioning accuracy. In the following, we discuss some potential enhancements on RedCap UE positioning.
The most straightforward solution is to support DL PRS and/or UL SRS frequency hopping, where at the receiver side, a bandwidth larger than 20MHz can be aggregated to achieve more accurate positioning performance. In the last RAN1 meeting, it was agreed to study the potential benefits and performance gains of such solution.
As shown in the figure below, to support frequency hopping of DL PRS and/or UL SRS, multiple shots of DL PRS and/or UL SRS should be sent with hopped frequencies, and at the receiver side, positioning measurements with an effective bandwidth larger than 20MHz can be obtained, in which the receiver should be capable of performing coherent combining, eliminating the impact of potential frequency/phase inconsistency, and applying super resolution mechanisms, etc, to further enhance the positioning accuracy. From this perspective, it is more complexity friendly for a RedCap UE to enable UL SRS frequency hopping transmission than DL PRS frequency hopping reception.
Observation 1: To support DL PRS / UL SRS frequency hopping, the receiver should be capable of performing coherent combining, eliminating the impact of potential frequency/phase inconsistency, and applying super resolution mechanisms, etc
Observation 2: When compared to UL SRS frequency hopping to support RedCap UE positioning, DL PRS frequency hopping requires more complicated UE capability for processing.


Figure 1: Illustration of DL PRS/UL SRS frequency hopping

On the other hand, in order to achieve frequency hopping, the UE needs to retune its RF chain among different hops, the level of RF switching time (e.g., symbol level, slot level, etc) is related to UE capability and should be studied by RAN4.
Observation 3: The RF retuning time to support frequency hopping transmission/reception is up to UE capability and should be studied by RAN4.
Proposal 1: To support DL PRS and/or UL SRS frequency hopping, the feasibility of UE capability including the requirement of frequency/phase inconsistency and RF retuning time should be further studied.
In addition, the carrier phase positioning is under investigation under AI 9.5.2.2, if the performance of carrier phase positioning is not bandwidth sensitive, it can be considered as another solution to improve the positioning performance of Redcap UEs.
Proposal 2: Further study enhancements of RedCap UE positioning by using carrier phase positioning.

Conclusions
In this contribution, we provide our views on RedCap UE positioning, and the following observation and proposals are made:
Observation 1: To support DL PRS / UL SRS frequency hopping, the receiver should be capable of performing coherent combining, eliminating the impact of potential frequency/phase inconsistency, and applying super resolution mechanisms, etc
Observation 2: When compared to UL SRS frequency hopping to support RedCap UE positioning, DL PRS frequency hopping requires more complicated UE capability for processing.
Observation 3: The RF retuning time to support frequency hopping transmission/reception is up to UE capability and should be studied by RAN4.
Proposal 1: To support DL PRS and/or UL SRS frequency hopping, the feasibility of UE capability including the requirement of frequency/phase inconsistency and RF retuning time should be further studied.
Proposal 2: Further study enhancements of RedCap UE positioning by using carrier phase positioning.
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