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[bookmark: _Ref521334010]Introduction
In RAN#94e, the positioning support for RedCap UEs for Rel-18 was agreed to be studied [1]. The target accuracy requirements, performance evaluation and potential enhancements have been discussed in RAN1#109-e, RAN1#110 and RAN1#110bis-e [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




	Conclusion
The evaluation results for positioning for RedCap UEs using carrier phase measurements can be captured in the TR to show whether target requirement of positioning for RedCap UEs can be met or not, but any non-RedCap-specific enhancements regarding CPP should be studied under AI 9.5.2.2 in Rel-18.
· For the modelling of error sources specific to carrier phase measurements, the evaluations assumptions agreed in AI 9.5.2.2 are reused.
· Note: Phase-difference AoD can be included in the evaluations. Support of Phase-difference AoD for CPP should be discussed under AI 9.5.2.2.




In this contribution, we provide our positioning simulation results for RedCap UEs for IIoT use cases, expending our views presented in the previous meeting [3].
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 [4], 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 given in Appendix A. The method of UE location calculation for NR CPP can be referred to our contribution for AI 9.5.2.2 [5].
Simulation results
In Table 1, we provide the evaluation results of DL-TDOA and NR carrier phase positioning for RedCap UEs and eMBB UEs with simulation assumptions in Appendix A.
[bookmark: _Ref52281493]Table 1 Positioning accuracy comparison of RedCap UEs and eMBB UEs
	Cases
	50%
	67%
	80%
	90%
	Whether the requirement is met or not met

	Case 1 (RedCap UEs)
InF-SH, FR1, DL-TDOA, 20MHz, 1Rx
	0.531
	0.798
	1.245
	1.91
	No

	Case 2 (eMBB UEs)
InF-SH, FR2, DL-TDOA, 100MHz, 1Rx
	0.106
	0.132
	0.182
	0.243
	Yes

	Case 3 (eMBB UEs)
InF-SH, FR2, DL-TDOA, 100MHz, 2Rx
	0.106
	0.131
	0.162
	0.213
	Yes

	Case 4 (RedCap UEs)
InF-SH, FR1, DL-CPP, 20MHz ,1Rx 
	0.006
	0.008
	0.031
	0.048
	Yes


Based on the above simulation results, we can observe that the performance of RedCap UEs positioning using traditional DL-TDOA method is seriously degraded due to the reduced bandwidth, which fails to meet the target requirements. However, carrier phase positioning for RedCap UEs can still obtain satisfactory positioning accuracy and can meet the target requirements. So we have the following observations and proposal:
Observation 2: For RedCap UEs positioning, the horizontal positioning accuracy is 1.91 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 0.048 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).
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 1.91 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 0.048 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).
Proposal 1: NR carrier phase positioning should be adopted for Rel-18 RedCap UE positioning.
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Appendix A
1) Scenario
Base station deployment for InF-SH is illustrates in Figure 1: (L=300m x W=150m, D=50m)
[image: ]
Figure A-1: Base station deployment (InF-SH)
2) Evaluation Parameters










Table A-1 Evaluation Scenarios and Parameters
	Parameter
	Case 1 (InF-SH)
	Case 2(InF-SH)
	Case 3(InF-SH)
	Case 4(InF-SH)

	Scenario (baseline, otherwise state any modifications)
	Baseline
	Baseline
	Baseline
	Baseline

	Carrier frequency
	3.5GHz
	3.5GHz
	3.5GHz
	3.45/3.55GHz

	Subcarrier spacing
	30kHz
	120kHz
	120kHz
	30kHz

	Reference Signal Transmission Bandwidth
	20MHz
	100MHz
	100MHz
	20MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	PRS (Comb-6)
	PRS (Comb-6)
	PRS (Comb-6)
	PRS (Comb-6)

	Reference signal
(type of sequence, number of ports, …)
	ZC, single port
	ZC, single port
	ZC, single port
	ZC, single port

	Number of sites
	6
	6
	6
	6

	Number of symbols used per occasion
	1
	1
	1
	1

	number of occasions used per positioning estimate
	1
	1
	1
	5

	Power-boosting level
	7.8dB
	7.8dB
	7.8dB
	7.8dB

	Downlink power control (applied/not applied)
	Not applied
	Not applied
	Not applied
	Not applied

	interference modelling (ideal muting, or other)
	Ideal
	Ideal
	Ideal
	Ideal

	TOA Measurement Algorithm
	MUSIC
	MUSIC
	MUSIC
	FH + MUSIC

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

	Network synchronization assumptions
	Ideal
	Ideal
	Ideal
	Ideal

	UE/gNB RX and TX timing error
	0ns
	0ns
	0ns
	0ns

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	None
	None
	None
	None

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	None
	None
	None
	None

	UE antenna configuration
	(1,1,1,1,1)
	(1,1,1,1,1)
	(1,2,2,1,1)
	(1,1,1,1,1)

	Number of UE branches
	1
	1
	2
	1

	Description of enhancement solutions, if any
	No
	No
	No
	DL-CPP

	gNB antenna configuration
	(1,1,4,4,2)
	(1,1,4,4,2)
	(1,1,4,4,2)
	(1,1,4,4,2)

	UE antenna height
	1.5m
	1.5m
	1.5m
	1.5m

	gNB antenna height
	8m
	8m
	10m
	10m

	ARP errors
	No
	No
	No
	No

	Phase Center Offsets
	/
	/
	/
	No

	Carrier phase estimation techniques
	/
	/
	/
	freq-domain

	Integer ambiguity resolution techniques
	/
	/
	/
	Virtual Integer ambiguity

	Note 1: Frequency hopping is used in the Case4 without CFO and oscillator-drift, to get the TOA of combined PRS signal with effective 100MHz.
Note 2: Double differential technique is used to eliminate the impact of TRP timing errors, UE/TRP initial phase offset, and frequency errors.



3) Evaluation Results





[bookmark: _GoBack]Table A-2 Positioning in InF-SH - horizontal location error results
	Cases
	
	50%
	67%
	80%
	90%
	Whether the requirement is met or not met

	Case 1 (RedCap UEs)
InF-SH, FR1, DL-TDOA, 20MHz, 1Rx
	Convex UEs
	0.531
	0.798
	1.245
	1.91
	No

	Case 2 (eMBB UEs)
InF-SH, FR2, DL-TDOA, 100MHz, 1Rx
	Convex UEs
	0.106
	0.132
	0.182
	0.243
	Yes

	Case 3 (eMBB UEs)
InF-SH, FR2, DL-TDOA, 100MHz, 2Rx
	Convex UEs
	0.106
	0.131
	0.162
	0.213
	Yes

	Case 4 (RedCap UEs)
InF-SH, FR1, DL-CPP, 20MHz ,1Rx
	Convex UEs
	0.006
	0.008
	0.031
	0.048
	Yes
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