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1 Introduction
In the SID [1], the following objective is included regarding the support of positioning for RedCap UEs
· 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 the last RAN1 meeting, some simulation and design aspects have been agreed for redcap Positioning, pls refer to the annex for the details. This contribution continues to discuss the aspects related to the support of positioning for RedCap UEs. 
2 Positioning accuracy requirement
During last meeting, the requirement for Redcap UE has been agreed as following: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


Based on the simulation results submitted in last meeting and the knowledge from evaluation in previous release, it shows some methods like angle based, or angle + time based could reach the target accuracy requirement. While on the other hand, timing based method, e.g., DL-TDOA method, may have some issue to satisfy the requirement. Thus some potential enhancement direction, e.g., FH like manner, has been raised to be studied in last meeting. It should be noted that not all positioning method needs to satisfy the target accuracy requirements for RedCap UEs.
Proposal 1: add one note in the above agreement:
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
· Note: the requirements may not be met by every RAT-dependent positioning method.

3 Evaluation results
As the template of the results collection is agreed in last meeting. The simulation based on DL-TDOA and/or CPP is presented below to check the performance under the 20Mhz. The simulation settings are following the agreement parameters as shown in following table.

Table 1 evaluation scenarios and parameters template
	Parameter
	Case 1 (FR1)
	Case 2(FR1)
	Case 3(FR1)
	Case 4 (FR1)

	Scenario (baseline, otherwise state any modifications)
	InF-SH
	InF-SH
	InF-SH
	UMi

	Carrier frequency
	3.5G Hz
	3.5G Hz
	3.5G Hz
	4G Hz

	Subcarrier spacing
	30Khz
	30Khz
	30Khz
	30Khz

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

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb-4
	Comb-4
	Comb-4
	Comb-4

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

	Number of sites
	18(4 used)
	18(4 used)
	18(4 used)
	19*3

	Number of symbols used per occasion
	4
	4
	4
	4

	number of occasions used per positioning estimate
	
	
	
	

	Power-boosting level
	NA
	NA
	NA
	NA

	Uplink power control (applied/not applied)
	NA
	NA
	NA
	NA

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

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Super Resolution
	Super Resolution+ Carrier phase

Small search of integer N
	Super Resolution+ Carrier phase

Large search of integer N
	Super Resolution

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

	Network synchronization assumptions
	Perfect
	Perfect
	Perfect
	Perfect

	UE/gNB RX and TX timing error
	Ideal
	Ideal
	Ideal
	Ideal

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

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

	UE antenna configuration
	
	
	
	

	Number of UE branches
	1
	1
	1
	1 (best link)

	Description of enhancement solutions, if any
	NA
	NA
	NA
	NA

	gNB antenna configuration
	
	
	
	

	UE noise figure
	NA
	NA
	NA
	NA

	UE antenna height
	
	
	
	

	gNB antenna height
	
	
	
	

	Additional notes, if any
	
	
	
	



The simulation results of above three cases are summarized in following table:
Table 2: horizontal location error results
	Cases
	
	50%
	67%
	80%
	90%
	Met the requirement

	Case 1,InF-SH FR1, DL-TDOA
	(Optional) All UEs
	
	
	
	
	

	
	Convex UEs
	0.92
	1.17
	1.46
	1.79
	NO

	Case 2, InF-SH FR1, DL-TDOA +CPP
	(Optional) All UEs
	
	
	
	
	

	
	Convex UEs
	0
	0
	1.34
	2.47
	NO

	Case 3, InF-SH FR1, DL-TDOA +CPP
	(Optional) All UEs
	
	
	
	
	

	
	Convex UEs
	0.03
	0.04
	0.05
	0.06
	Yes

	Case 4, UMi FR1, DL-TDOA
	All UEs
	5.8
	7.1
	8.9
	11.9
	NO

	
	Convex UEs
	
	
	
	
	



Figures 1~3 provides the results of case 1~3, respectively.
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Fig.1 – the Positioning performance under case 1       Fig.2 – the Positioning performance under case 2
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Fig.3 – the Positioning performance under case 3         Fig.4 – the Positioning performance under case 4

Although the carrier phased based method performance has been degraded when goes to higher probability in case 2, it can achieve high/qualified accuracy positioning if using larger search range of N, since the larger search range can help increase the possibility of finding the accurate point.
Observation 1: for the evaluated cases and methods, the DL-TDOA performance cannot reach the target performance of RedCap UEs.
Observation 2: DL-TDOA + CPP could reach the target in some cases.
1 
2 
3 
Enhancement with FH
On top of using CPP methods, the performance with Rx FH is also performed as following:
	Parameter
	Case 5(FR1)
	Case 6(FR1)

	Scenario (baseline, otherwise state any modifications)
	InF-SH
	InF-SH

	Carrier frequency
	3.5G Hz
	3.5G Hz

	Subcarrier spacing
	30Khz
	30Khz

	Reference Signal Transmission Bandwidth
	20MHz
	20MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Comb-4
	Comb-4

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

	Number of sites
	18(4 used)
	18(4 used)

	Number of symbols used per occasion
	4
	4

	number of occasions used per positioning estimate
	
	

	Power-boosting level
	NA
	NA

	Uplink power control (applied/not applied)
	NA
	NA

	interference modelling (ideal muting, or other)
	NA
	NA

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

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

	Network synchronization assumptions
	Perfect
	Perfect

	UE/gNB RX and TX timing error
	Ideal
	Ideal

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

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

	UE antenna configuration
	
	

	Number of UE branches
	1
	1

	Description of enhancement solutions, if any
	NA
	Rx FH, each hop UE receives 20Mhz and in total 4 hops

	gNB antenna configuration
	
	

	UE noise figure
	NA
	NA

	UE antenna height
	
	

	gNB antenna height
	
	

	Additional notes, if any
	
	



	Cases
	
	50%
	67%
	80%
	90%
	Met the requirement

	Case 5,InF-SH FR1, DL-TDOA, MUSIC
	(Optional) All UEs
	0.37
	0.48
	0.61
	1.35
	No

	
	Convex UEs
	
	
	
	
	

	Case 6,InF-SH FR1, DL-TDOA, Rx FH+ MUSIC
	(Optional) All UEs
	0.37
	0.45
	0.56
	0.76
	Yes

	
	Convex UEs
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Fig. 5 the performance of case 5

It can be shown that with Rx FH, the performance of the DL-TDOA is close to the that with total 80Mhz. 
Observation 3: Rx FH could help increase the performance in Redcap Positioning and met the requirement for IIOT case.
On the other hand, for the applicability of using FH based method to improve the Redcap positioning with smaller bandwidth, the impact of channel timing varying should be considered. Although it was agreed to simulate the impact of UE speed, for the given simulation has been submitted which only implemented a certain phase offset for consecutive hops and claim the benefits of having overlapped REs to estimate and compensate the phase offset, it needs more evidence to confirm it’s benefit as the time varying channel property is not only for phase offset, but also amplitude change, which is hard to compensate. Especially when the time gap between two hops is large, e.g., larger than the coherence time duration (see Annex), each RE may experience different frequency selective fading, the method of using the overlap REs for phase offset estimation and compensation need more study to check the feasibility and effectiveness.
Proposal 2: the impact of time gap between two potential hops needs to be studied for FH based enhancement.
4 Conclusion
The proposals made in this contribution are summarized below: 
Proposal 1: add one note in the above agreement:
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
· Note: the requirements may not be met by every RAT-dependent positioning method.
Observation 1: for the evaluated cases and methods, the DL-TDOA performance cannot reach the target performance of RedCap UEs.
Observation 2: DL-TDOA + CPP could reach the target in some cases.
Observation 3: Rx FH could help increase the performance in Redcap Positioning and met the requirement for IIOT case.
Proposal 2: the impact of time gap between two potential hops needs to be studied for FH based enhancement.

Reference
[1] RP-213588, Revised SID on Study on expanded and improved NR positioning, Intel
Annex – coherence calculation
The coherence time and Doppler spread are inversely related, i.e.  

Table 1 lists the values for the Doppler spread and associated channel coherence time for two frequency bands evaluated for RedCap UE positioning.
[bookmark: _Ref117455385]Table 1: Doppler Spreads and Coherence Times for RedCap UE positioning
	Carrier Frequency
	UE speed
	Max Doppler Spread
	Channel Coherence Time

	3.5GHz
	3 km/h
	9.72Hz
	25.7ms

	3.5GHz
	30 km/h
	97.2Hz
	2.57ms

	3.5GHz
	60km/h
	194.4 Hz
	1.285ms

	28GHz
	3 km/h
	77.8 Hz
	3.21 ms

	28GHz
	30 km/h
	777.8 Hz
	0.321 ms

	28GHz
	60km/h
	1555.6 Hz
	0.161 ms
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