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[bookmark: _Ref521334010]Introduction
In RAN1#110 meeting, the following agreements for the evaluation scenarios and general parameters for Redcap UEs positioning were made [1].
	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
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 further discuss Redcap UEs positioning techniques and provide our simulation results with bandwidth of 20MHz in FR1.

Enhancements for positioning of RedCap UEs
The accuracy of R16 positioning methods based on timing measurements are limited by bandwidth of DL PRS / UL SRS-Pos. The accuracy of R16 positioning methods based on angle measurements are limited by the number of Rx antenna of TRP/UE. According to Ref [2], R16 positioning methods cannot meet the positioning requirements in IIoT scenario for RedCap UEs due to the limitations of the bandwidth and Rx antennas supported by the RedCap UEs. Therefore, it is necessary to enhance Redcap UEs positioning. 
Carrier phase positioning technology has been widely used in the field of satellite positioning, which can achieve high measurement accuracy by using a small bandwidth (e.g., the bandwidth of GPS L1 C/A signals is only 1.023MHz). Consider that RedCap UEs can support bandwidth up to 20MHz, the bandwidth of the RedCap UE is not a limitation for supporting NR carrier phase positioning. Thus, using NR carrier phase positioning is one of the promising enhancement methods for RedCap UEs positioning.
Observation 1: NR carrier phase positioning (CPP) is one of the promising enhancement methods for RedCap UEs positioning.
Performance evaluation for RedCap UEs in IIoT use case
Simulation parameters
In this section, we evaluate the performance of positioning for RedCap UEs in IIoT use case with Rel-16 DL-TDOA method and the proposed NR carrier phase positioning method. The simulation parameters are provided in Table 1.
[bookmark: _Ref115426290]Table 1: Simulation parameters
	Parameters
	Value

	Positioning method
	DL-TDOA, DL-CPP

	Channel model
	InF-SH

	Carrier Frequency
	3.5 GHz 

	Sub-Carrier Spacing
	30kHz 

	Bandwidth
	20MHz 

	TRP Height
	8m

	            UE Height
	1.5m

	Measurement Algorithm
	MUSIC

	TRP Antenna configuration
	(1,1,4,4,2)

	UE Antenna configuration
	(1,1,1,1,1) 

	Number of Selected TRPs
	6

	ARP errors
	No

	Phase Center Offsets
	No

	Note: Double differential technique is used to eliminate the impact of TRP timing errors, UE/TRP initial phase offset, and frequency errors.
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The method of UE location calculation for NR CPP can be referred to our contribution for AI 9.5.2.2 [3].
Initial simulation results
The simulation result for InF-SH scenario is shown in Figure 1, where the blue line represents the DL-TDOA method and the red line represents the DL-CPP method with perfect integer ambiguity.
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Observation 2: For RedCap UEs positioning, the horizontal positioning accuracy is 1.7 m with DL-TDOA in InF-SH scenario, which does not meet the requirements of RedCap UEs (1m for 90% of UEs).
Observation 3: For RedCap UEs positioning, the horizontal positioning accuracy is 0.02 m with NR carrier phase positioning in InF-SH scenario, which is far better than the requirements of RedCap UE (1m for 90% of UEs).
Based on the discussion of the previous section and the simulation result in this section, we have the following proposal.
Proposal 1: NR carrier phase positioning should be adopted for Rel-18 RedCap UE positioning.

Conclusion
In this contribution, we discussed the issues related to RedCap UEs positioning with the following observations and proposal.
Observation 1: NR carrier phase positioning (CPP) is one of the promising enhancement methods for RedCap UEs positioning.
Observation 2: For RedCap UEs positioning, the horizontal positioning accuracy is 1.7 m with DL-TDOA in the IIOT InF-SH scenario, which does not meet the requirements of RedCap UEs (1m for 90% of UEs).
Observation 3: For RedCap UEs positioning, the horizontal positioning accuracy is 0.02 m with NR carrier phase positioning in the IIOT InF-SH scenario, which is far better than the requirements of RedCap UE (1m for 90% of UEs).
Proposal 1: NR carrier phase positioning should be adopted for Rel-18 RedCap UE positioning.
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