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1   Introduction
According to the Rel-18 study item description on study on expanded and improved new radio (NR) positioning [1], the objective on reduced capability (RedCap) positioning is as follows:
	· 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]




The target accuracy requirements and evaluation assumptions for RedCap positioning have been discussed in RAN1#109e and RAN1#110 meetings and the corresponding evaluation results are expected to be presented in the RAN1#110b meeting. The agreements for the target accuracy requirements of RedCap positioning are
	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



RAN1#110 meeting also has discussed frequency hopping of DL PRS and UL SRS with the agreement as follows.

	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 share our views on RedCap positioning in terms of performance evaluations and potential enhancements.
2   Performance Evaluation
It has been agreed in RAN1#109e that all RAT-based positioning methods can be considered for evaluation of RedCap UE positioning performances. In this section, we provide our evaluation results for DL-TDOA, UL-TDOA and multi-RTT in UMi, UMa, IOO and InF-SH as shown in Fig. 1 – Fig. 4 with more information and data in Annex.
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Fig. 1 Horizontal positioning accuracy of 90% UEs in UMi (Case 1)

Fig. 1 provides the evaluation results for UMi in FR1. As shown in this figure, the target horizontal positioning accuracy of 3m@90% could be achieved via DL-TDOA, UL-TDOA or multi-RTT if the UE bandwidth is 100MHz in FR1, but could not if the UE bandwidth becomes 5MHz or 20MHz in FR1. 

Observation 1 [bookmark: _Toc115442316]In UMi, the target horizontal positioning accuracy could be achieved via DL-TDOA, UL-TDOA or multi-RTT in FR1 if UE bandwidth is 100MHz.
Observation 2 [bookmark: _Toc115442317]In UMi, the target horizontal positioning accuracy could not be achieved via DL-TDOA, UL-TDOA or multi-RTT in FR1 if UE bandwidth is reduced to 20MHz or even 5MHz.

Fig. 2 shows the evaluation results for UMa in FR1 because FR1 is more suitable for the scenario of UMa due to its bigger coverage. According to the results, DL-TDOA has the potential to achieve the target horizontal positioning accuracy of 3m @ 67% if the UE bandwidth is 100MHz but has a big gap if the UE bandwidth is reduced to 20MHz or even 5MHz. 

Observation 3 [bookmark: _Toc115442318]In UMa, the horizontal positioning accuracy of 3m @ 67% could be achieved roughly via DL-TDOA in FR1 if UE bandwidth is 100MHz, but could not if UE bandwidth is reduced to 20MHz or even 5MHz.
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Fig. 2 Horizontal positioning accuracy of 67% UEs in UMa (Case 2)
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Fig. 3 Horizontal positioning accuracy of 90% convex UEs in IOO (Case 3)

Fig. 3 provides the evaluation results for IOO in FR1. According to this figure, in FR1, DL-TDOA, UL-TDOA and multi-RTT are able to achieve the target horizontal positioning accuracy if the UE bandwidth is 100MHz but has an obvious gap if the UE bandwidth is reduced to 20MHz or even 5MHz.  

Observation 4 [bookmark: _Toc115442319]In IOO with FR1, the target horizontal positioning accuracy could be achieved via DL-TDOA, UL-TDOA, or multi-RTT if UE bandwidth is 100MHz, but could not if UE bandwidth is reduced to 20MHz or even 5MHz. 

Fig. 4 provides the evaluation results for InF-SH in FR1. According to this figure, in FR1, DL-TDOA, UL-TDOA and multi-RTT are able to achieve the target horizontal positioning accuracy of 1m @ 90% if the UE bandwidth is 100MHz but has a small gap if the UE bandwidth is reduced to 20MHz and a big gap if the UE bandwidth becomes 5MHz.  

Observation 5 [bookmark: _Toc115442320]In InF-SH with FR1, the target horizontal positioning accuracy could be achieved via DL-TDOA, UL-TDOA, or multi-RTT if UE bandwidth is 100MHz, and roughly achieved via multi-RTT is UE bandwidth is 20MHz.
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Fig. 4 Horizontal positioning accuracy of 90% convex UEs in InF-SH (Case 4)


Table 1 Summary of evaluation results for baseline performance
	Scenario
	Solution

	
	
	FR1

	
	
	5MHz
	20MHz
	100MHz

	UMi
	DL-TDOA
	N
	N
	Y

	
	UL-TDOA
	N
	N
	Y

	
	Multi-RTT
	N
	N
	Y

	UMa
	DL-TDOA
	N
	N
	N

	
	UL-TDOA
	N
	N
	N

	
	Multi-RTT
	N
	N
	N

	IOO
	DL-TDOA
	N
	N
	Y

	
	UL-TDOA
	N
	N
	Y

	
	Multi-RTT
	N
	N
	Y

	InF-SH
	DL-TDOA
	N
	N
	Y

	
	UL-TDOA
	N
	N
	Y

	
	Multi-RTT
	N
	N
	Y




Table 1 provides the summary of the evaluation results for baseline performances of DL-TDOA, UL-TDOA and multi-RTT in UMi, UMa, IOO and InF-SH. Based on this table, it could be observed that the enhancements to improve the horizontal positioning accuracy of RedCap UEs are necessary, especially when UE bandwidth is 5MHz or 20MHz in FR1.

[bookmark: _Toc115442321]To meet the requirements, enhancements to improve the horizontal positioning accuracy for RedCap UEs are necessary.
3   Enhancements
The horizontal positioning accuracies of RedCap UEs can be improved significantly via increasing UE bandwidth as observed in Section 2. One of the potential solutions for narrowband UE to get wideband measurement is frequency hopping over multiple narrowbands.

As shown in Fig. 5, with idea assumptions, the UEs with 5MHz bandwidth or 20MHz bandwidth can get similar horizontal positioning accuracy as the UEs with full bandwidth via PRS frequency hopping and/or SRS frequency hopping across full bandwidth.  

Observation 6 [bookmark: _Toc115442322]UEs with 5MHz bandwidth or 20MHz bandwidth can get similar horizontal positioning accuracy as UEs with full bandwidth via PRS frequency hopping and/or SRS frequency hopping across full bandwidth with idea assumptions.
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(a) IOO, FR1
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(b) InF-SH, FR1





Fig. 5 Horizontal positioning accuracy of 90% convex UEs in IOO (Case 3) and InF-SH (Case 4)
[bookmark: _Toc115442323]PRS frequency hopping and SRS frequency hopping are the potential solutions to improve the positioning accuracies of DL-TDOA, UL-TDOA and multi-RTT for RedCap UEs.
In DL-TDOA, if DL PRS signals hopping over multiple narrowbands are generated at the network side based on same DL system central frequency (e.g. intra-wideband), then the UE could post-compensate its phase offset by itself for PRS measurement across multiple narrowbands. Similarly, for UL-TDOA, the UE could pre-compensate its phase offset before transmitting UL SRS in different narrowbands if these narrowbands share same UL system central frequency at the network side. 
 
[bookmark: _Toc115442324]Phase offset due to frequency hopping could be post-compensated for DL PRS and   UL SRS at the UE side if the involved carrier frequencies are related to same DL/UL system central frequencies at the network side.
To achieve similar measurement accuracy as full-bandwidth-based measurement given in Fig. 6-(a), RedCap UEs need to accumulate PRS measurements over multiple different narrowbands within full band at the different time slots as shown in Fig. 6-(b). Since narrowband UEs usually get same coverage as normal UEs by the solutions of repeated measurement and transmission in multiple slots, it could be considered that the complexity due to PRS frequency hopping and SRS frequency hopping is acceptable for RedCap UEs.
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(a) PRS over full bandwidth     (b) PRS frequency hopping over multiple narrowbands

Fig. 6 PRS transmission

[bookmark: _Toc115442325]The complexity due to PRS frequency hopping and SRS frequency hopping is acceptable for RedCap UEs.

The SRS switching time for RedCap UE is ≤ 200us, 300us, 500us or 900us in RRC_CONNECTED mode when SRS switching time is performed between carriers, and 100us, 140us, 200us, 300us or 500us in RRC_INACTIVE mode when transmitting SRS outside initial UL BWP or with different SCS than the initial UL BWP. The impact of RF retuning during SRS frequency hopping on positioning performance may be marginal due to the short SRS switching time.

Observation 7 [bookmark: _Toc115442326]The impact of RF retuning during SRS frequency hopping on positioning performance may be marginal due to the short SRS switching time.



[bookmark: _Toc68614629][bookmark: _Toc68614630][bookmark: _Toc68614651]4	Conclusion
In this contribution, we share our observations and proposals below for RedCap positioning.
Observation 1	In UMi, the target horizontal positioning accuracy could be achieved via DL-TDOA, UL-TDOA or multi-RTT in FR1 if UE bandwidth is 100MHz.
Observation 2	In UMi, the target horizontal positioning accuracy could not be achieved via DL-TDOA, UL-TDOA or multi-RTT in FR1 if UE bandwidth is reduced to 20MHz or even 5MHz.
Observation 3	In UMa, the horizontal positioning accuracy of 3m @ 67% could be achieved roughly via DL-TDOA in FR1 if UE bandwidth is 100MHz, but could not if UE bandwidth is reduced to 20MHz or even 5MHz.
Observation 4	In IOO with FR1, the target horizontal positioning accuracy could be achieved via DL-TDOA, UL-TDOA, or multi-RTT if UE bandwidth is 100MHz, but could not if UE bandwidth is reduced to 20MHz or even 5MHz.
Observation 5	In InF-SH with FR1, the target horizontal positioning accuracy could be achieved via DL-TDOA, UL-TDOA, or multi-RTT if UE bandwidth is 100MHz, and roughly achieved via multi-RTT is UE bandwidth is 20MHz.
Proposal 1	To meet the requirements, enhancements to improve the horizontal positioning accuracy for RedCap UEs are necessary.
Observation 6	UEs with 5MHz bandwidth or 20MHz bandwidth can get similar horizontal positioning accuracy as UEs with full bandwidth via PRS frequency hopping and/or SRS frequency hopping across full bandwidth with idea assumptions.
Proposal 2	PRS frequency hopping and SRS frequency hopping are the potential solutions to improve the positioning accuracies of DL-TDOA, UL-TDOA and multi-RTT for RedCap UEs.
Proposal 3	Phase offset due to frequency hopping could be post-compensated for DL PRS and pre-compensated for UL SRS at the UE side if the involved carrier frequencies are related to same DL/UL system central frequencies at the network side.
Proposal 4	The complexity due to PRS frequency hopping and SRS frequency hopping is acceptable for RedCap UEs.
Observation 7	The impact of RF retuning during SRS frequency hopping on positioning performance may be marginal due to the short SRS switching time.
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[bookmark: _Toc55965347]B.6.X.1	Description of evaluation scenarios
The scenarios to be presented in this section include 
-	Baseline scenarios with UMi, UMa, IOO and InF-SH
-	IOO with the enhancements of PRS frequency hopping and SRS frequency hopping
Evaluation assumptions for system level analysis are provided in Table B.6.X.1-1 to Table B.6.X.1-1-7.


Table B.6.X.1-1: Positioning in UMi (Case 1), FR1 - evaluation scenarios and parameters  
	Parameter
	Case 101 (UMi, FR1)
	Case 102 (UMi, FR1)
	Case 103
(UMi, FR1)
	Case 104 (UMi, FR1)
	Case 105 (UMi, FR1)
	Case 106 (UMi, FR1)
	Case 107 (UMi, FR1)
	Case 108 (UMi, FR1)
	Case 109 (UMi, FR1)

	Scenario (baseline, otherwise state any modifications)
	UMi

	Carrier frequency
	3.5GHz

	Subcarrier spacing
	30kHz

	Reference Signal Transmission Bandwidth
	5MHz
	20MHz
	100MHz
	5MHz
	20MHz
	100MHz
	5MHz
	20MHz
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	DL-PRS (Comb-6, 6 symbols)
	PosSRS (Comb-8, 8 symbols)
	DL-PRS (Comb-6, 6 symbols), PosSRS (Comb-8, 8 symbols)

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

	Number of sites
	19

	Number of symbols used per occasion
	48
	8
	48 in DL and 8 in UL

	number of occasions used per positioning estimate
	1

	Power-boosting level
	15.6dB
	18dB
	15.6dB in DL and 18dB in UL

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	high resolution 
no LOS/NLOS detection

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	DL-TDOA 
PSO
	UL-TDOA
PSO
	Multi-RTT
PSO

	Network synchronization assumptions
	ideal

	UE/gNB RX and TX timing error
	ideal

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx codebook-based 

	UE antenna configuration
	(M, N, P, Mg, Ng) = (1,1,2,1,1), dH = 0.5λ

	Number of UE branches
	1

	Description of enhancement solutions, if any
	-

	gNB antenna configuration 
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ

	UE noise figure  
	9dB

	UE antenna height
	1.5m

	gNB antenna height
	5m-20m, random

	Additional notes, if any
	




Table B.6.X.1-2: Positioning in UMa (Case 2), FR1 - evaluation scenarios and parameters  
	Parameter
	Case 201 
(UMa, FR1)
	Case 202 
(UMa, FR1)
	Case 203
(UMa, FR1)
	Case 204 
(UMa, FR1)
	Case 205 
(UMa, FR1)
	Case 206 
(UMa, FR1)

	Scenario (baseline, otherwise state any modifications)
	UMa

	Carrier frequency
	3.5GHz

	Subcarrier spacing
	30kHz

	Reference Signal Transmission Bandwidth
	5MHz
	20MHz
	100MHz
	5MHz
	20MHz
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	DL-PRS (Comb-6, 6 symbols)
	PosSRS (Comb-8, 8 symbols)

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

	Number of sites
	19

	Number of symbols used per occasion
	48
	8

	number of occasions used per positioning estimate
	1

	Power-boosting level
	15.6dB
	18dB

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	high resolution 
no LOS/NLOS detection

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	DL-TDOA 
PSO
	UL-TDOA
PSO

	Network synchronization assumptions
	ideal

	UE/gNB RX and TX timing error
	ideal

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx codebook-based 

	UE antenna configuration
	(M, N, P, Mg, Ng) = (1,1,2,1,1), dH = 0.5λ

	Number of UE branches
	1

	Description of enhancement solutions, if any
	-

	gNB antenna configuration 
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ

	UE noise figure  
	9dB

	UE antenna height
	1.5m

	gNB antenna height
	20m-50m, random

	Additional notes, if any
	




Table B.6.X.1-3: Positioning in IOO (Case 3), FR1 - evaluation scenarios and parameters  
	Parameter
	Case 301 (IOO, FR1)
	Case 302 (IOO, FR1)
	Case 303 (IOO, FR1)
	Case 304 (IOO, FR1)
	Case 305 (IOO, FR1)
	Case 306 (IOO, FR1)
	Case 307 (IOO, FR1)
	Case 308 (IOO, FR1)
	Case 309 (IOO, FR1)
	Case 310 (IOO, FR1)

	Scenario (baseline, otherwise state any modifications)
	IOO

	Carrier frequency
	3.5GHz

	Subcarrier spacing
	30kHz

	Reference Signal Transmission Bandwidth
	5MHz
	20MHz
	5MHz
	20MHz
	100MHz
	5MHz
	20MHz
	5MHz
	20MHz
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	DL-PRS (Comb-6, 6 symbols)
	PosSRS (Comb-2, 2 symbols)

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

	Number of sites
	12

	Number of symbols used per occasion
	48
	2

	number of occasions used per positioning estimate
	1

	Power-boosting level
	-

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	high resolution 
no LOS/NLOS detection

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	DL-TDOA 
PSO
	UL-TDOA
PSO

	Network synchronization assumptions
	ideal

	UE/gNB RX and TX timing error
	ideal

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx codebook-based 

	UE antenna configuration
	(M, N, P, Mg, Ng) = (1,1,2,1,1), dH = 0.5λ

	Number of UE branches
	1

	Description of enhancement solutions, if any
	
	frequency hopping over 100MHz
	
	
	
	frequency hopping over 100MHz
	

	gNB antenna configuration 
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ

	UE noise figure  
	9dB

	UE antenna height
	1.5m

	gNB antenna height
	3m

	Additional notes, if any
	

	Parameter
	Case 311 (IOO, FR1)
	Case 312 (IOO, FR1)
	Case 313 (IOO, FR1)
	Case 314 (IOO, FR1)
	Case 315 (IOO, FR1)
	

	Reference Signal Transmission Bandwidth
	5MHz
	20MHz
	5MHz
	20MHz
	100MHz
	

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	DL-PRS (Comb-6, 6 symbols), PosSRS (Comb-8, 8 symbols)
	

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

	Number of symbols used per occasion
	48 in DL and 8 in UL
	

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




 Table B.6.X.1-4: Positioning in InF-SH (Case 4), FR1 - evaluation scenarios and parameters  
	Parameter
	Case 401 (InF-SH, FR1)
	Case 402 (InF-SH, FR1)
	Case 403 (InF-SH, FR1)
	Case 404 (InF-SH, FR1)
	Case 405 (InF-SH, FR1)
	Case 406 (InF-SH, FR1)
	Case 407 (InF-SH, FR1)
	Case 408 (InF-SH, FR1)
	Case 409 (InF-SH, FR1)
	Case 410 (InF-SH, FR1)

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

	Carrier frequency
	3.5GHz

	Subcarrier spacing
	30kHz

	Reference Signal Transmission Bandwidth
	5MHz
	20MHz
	5MHz
	20MHz
	100MHz
	5MHz
	20MHz
	5MHz
	20MHz
	100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	DL-PRS (Comb-6, 6 symbols)
	PosSRS (Comb-2, 2 symbols)

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

	Number of sites
	18

	Number of symbols used per occasion
	48
	2

	number of occasions used per positioning estimate
	1

	Power-boosting level
	-

	Uplink power control (applied/not applied)
	not applied

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	high resolution 
no LOS/NLOS detection

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	DL-TDOA 
PSO
	UL-TDOA
PSO

	Network synchronization assumptions
	Ideal

	UE/gNB RX and TX timing error
	Ideal

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

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Tx codebook-based 

	UE antenna configuration
	(M, N, P, Mg, Ng) = (1,1,2,1,1), dH = 0.5λ

	Number of UE branches
	1

	Description of enhancement solutions, if any
	
	frequency hopping over 100MHz
	
	
	
	frequency hopping over 100MHz
	

	gNB antenna configuration 
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ

	UE noise figure  
	9dB

	UE antenna height
	1.5m

	gNB antenna height
	8m

	Additional notes, if any
	

	Parameter
	Case 411 (InF-SH, FR1)
	Case 412 (InF-SH, FR1)
	Case 413 (InF-SH, FR1)
	Case 414 (InF-SH, FR1)
	Case 415 (InF-SH, FR1)
	

	Reference Signal Transmission Bandwidth
	5MHz
	20MHz
	5MHz
	20MHz
	100MHz
	

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	DL-PRS (Comb-6, 6 symbols), PosSRS (Comb-2, 2 symbols)
	

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

	Number of symbols used per occasion
	48 in DL and 2 in UL
	

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






[bookmark: _Toc55965348] 
B.6.X.2	Positioning accuracy evaluation results
Table B.6.X.2-1 provides summary of evaluation results for horizontal positioning error in UMi.
Table B.6.X.2-2 provides summary of evaluation results for horizontal positioning error in UMa.
Table B.6.X.2-3 provides summary of evaluation results for horizontal positioning error in IOO.
Table B.6.X.2-4 provides summary of evaluation results for horizontal positioning error in InF-SH.
Table B.6.X.2-1: Positioning in UMi (Case 1) - horizontal location error results
	Cases
	
	50%
	67%
	80%
	90%

	Case 101, UMi, FR1, DL-TDOA with 5MHz
	All UEs
	8.9
	12
	15
	19

	Case 102, UMi, FR1, DL-TDOA with 20MHz
	All UEs
	3.9
	5.1
	6.5
	8.3

	Case 103, UMi, FR1, DL-TDOA with 100MHz
	All UEs
	1.0
	1.4
	1.9
	2.7

	Case 104, UMi, FR1, UL-TDOA with 5MHz
	All UEs
	10
	14
	17
	22

	Case 105, UMi, FR1, UL-TDOA with 20MHz
	All UEs
	4.2
	5.5
	6.9
	8.5

	Case 106, UMi, FR1, UL-TDOA with 100MHz
	All UEs
	1.1
	1.6
	2.2
	3.0

	Case 107, UMi, FR1, Multi-RTT with 5MHz
	All UEs
	8.5
	11
	14
	17

	Case 108, UMi, FR1, Multi-RTT with 20MHz
	All UEs
	3.1
	3.9
	4.8
	5.8

	Case 109, UMi, FR1, Multi-RTT with 100MHz
	All UEs
	0.9
	1.1
	1.4
	1.9





Table B.6.X.2-2: Positioning in UMa (Case 2) - horizontal location error results
	Cases
	
	50%
	67%
	80%
	90%

	Case 201, UMa, FR1, DL-TDOA with 5MHz
	All UEs
	18
	25
	34
	45

	Case 202, UMa, FR1, DL-TDOA with 20MHz
	All UEs
	6.7
	9.7
	13
	20

	Case 205, UMa, FR1, DL-TDOA with 100MHz
	All UEs
	1.8
	3.6
	8.4
	15

	Case 206, UMa, FR1, UL-TDOA with 5MHz
	All UEs
	34
	48
	79
	178

	Case 207, UMa, FR1, UL-TDOA with 20MHz
	All UEs
	12
	20
	52
	180

	Case 208, UMa, FR1, UL-TDOA with 5MHz and FH
	All UEs
	2.2
	5.0
	10
	24

	Case 209, UMa, FR1, UL-TDOA with 20MHz and FH
	All UEs
	3.2
	9.3
	20
	86

	Case 210, UMa, FR1, UL-TDOA with 100MHz
	All UEs
	6.1
	17
	62
	185





Table B.6.X.2-3: Positioning in IOO (Case 3) - horizontal location error results
	Cases
	
	50%
	67%
	80%
	90%

	Case 301, IOO, FR1, DL-TDOA with 5MHz
	(Optional) All UEs
	5.7
	8.1
	12
	17

	
	Convex UEs
	4.0
	5.4
	7.1
	10

	Case 302, IOO, FR1, DL-TDOA with 20MHz
	(Optional) All UEs
	2.8
	4.1
	6.0
	9.5

	
	Convex UEs
	1.9
	2.6
	3.3
	4.5

	Case 303, IOO, FR1, DL-TDOA with 5MHz and FH
	(Optional) All UEs
	0.5
	0.8
	1.3
	2.2

	
	Convex UEs
	0.3
	0.4
	0.6
	0.8

	Case 304, IOO, FR1, DL-TDOA with 20MHz and FH
	(Optional) All UEs
	0.5
	0.8
	1.3
	2.1

	
	Convex UEs
	0.3
	0.4
	0.6
	0.8

	Case 305, IOO, FR1, DL-TDOA with 100MHz
	(Optional) All UEs
	0.5
	0.8
	1.2
	2.2

	
	Convex UEs
	0.3
	0.4
	0.6
	0.8

	Case 306, IOO, FR1, UL-TDOA with 5MHz
	(Optional) All UEs
	5.9
	8.4
	12
	18

	
	Convex UEs
	4.2
	5.8
	7.5
	11

	Case 307, IOO, FR1, UL-TDOA with 20MHz
	(Optional) All UEs
	2.9
	4.1
	5.8
	8.8

	
	Convex UEs
	2.0
	2.5
	3.3
	4.6

	Case 308, IOO, FR1, UL-TDOA with 5MHz and FH
	(Optional) All UEs
	0.5
	0.8
	1.3
	2.1

	
	Convex UEs
	0.3
	0.4
	0.6
	0.9

	Case 309, IOO, FR1, UL-TDOA with 20MHz and FH
	(Optional) All UEs
	0.5
	0.8
	1.3
	2.1

	
	Convex UEs
	0.3
	0.4
	0.6
	0.9

	Case 310, IOO, FR1, UL-TDOA with 100MHz
	(Optional) All UEs
	0.5
	0.8
	1.3
	2.2

	
	Convex UEs
	0.3
	0.4
	0.6
	0.9

	Case 311, IOO, FR1, Multi-RTT with 5MHz
	(Optional) All UEs
	5.6
	7.4
	9.5
	13

	
	Convex UEs
	5.6
	7.9
	9.9
	14

	Case 312, IOO, FR1, Multi-RTT with 20MHz
	(Optional) All UEs
	2.4
	3.2
	4.2
	5.7

	
	Convex UEs
	2.1
	3.0
	4.1
	5.6

	Case 313, IOO, FR1, Multi-RTT with 5MHz and FH
	(Optional) All UEs
	0.3
	0.5
	0.7
	1.2

	
	Convex UEs
	0.2
	0.4
	0.5
	0.8

	Case 314, IOO, FR1, Multi-RTT with 20MHz and FH
	(Optional) All UEs
	0.3
	0.5
	0.7
	1.1

	
	Convex UEs
	0.2
	0.4
	0.5
	0.8

	Case 315, IOO, FR1, Multi-RTT with 100MHz
	(Optional) All UEs
	0.3
	0.5
	0.7
	1.3

	
	Convex UEs
	0.2
	0.4
	0.5
	0.8





Table B.6.X.2-4: Positioning in InF-SH (Case 4) - horizontal location error results
	Cases
	
	50%
	67%
	80%
	90%

	Case 401, InF-SH, FR1, DL-TDOA with 5MHz
	(Optional) All UEs
	5.9
	9.2
	13
	20

	
	Convex UEs
	4.8
	6.7
	8.8
	12

	Case 402, InF-SH, FR1, DL-TDOA with 20MHz
	(Optional) All UEs
	0.7
	1.1
	1.8
	3.4

	
	Convex UEs
	0.5
	0.8
	1.1
	1.7

	Case 403, InF-SH, FR1, DL-TDOA with 5MHz and FH
	(Optional) All UEs
	0.04
	0.06
	0.09
	0.2

	
	Convex UEs
	0.03
	0.04
	0.06
	0.1

	Case 404, InF-SH, FR1, DL-TDOA with 20MHz and FH
	(Optional) All UEs
	0.04
	0.06
	0.1
	0.2

	
	Convex UEs
	0.03
	0.04
	0.06
	0.1

	Case 405, InF-SH, FR1, DL-TDOA with 100MHz
	(Optional) All UEs
	0.04
	0.06
	0.1
	0.2

	
	Convex UEs
	0.03
	0.04
	0.06
	0.1

	Case 406, InF-SH, FR1, UL-TDOA with 5MHz
	(Optional) All UEs
	7.9
	12
	17
	25

	
	Convex UEs
	6.3
	8.7
	11
	15

	Case 407, InF-SH, FR1, UL-TDOA with 20MHz
	(Optional) All UEs
	0.8
	1.2
	2.0
	3.4

	
	Convex UEs
	0.6
	0.8
	1.2
	2.0

	Case 408, InF-SH, FR1, UL-TDOA with 5MHz and FH
	(Optional) All UEs
	0.04
	0.06
	0.1
	0.2

	
	Convex UEs
	0.03
	0.04
	0.06
	0.1

	Case 409, InF-SH, FR1, UL-TDOA with 20MHz and FH
	(Optional) All UEs
	0.04
	0.06
	0.1
	0.2

	
	Convex UEs
	0.03
	0.04
	0.06
	0.1

	Case 410, InF-SH, FR1, UL-TDOA with 100MHz
	(Optional) All UEs
	0.04
	0.06
	0.1
	0.2

	
	Convex UEs
	0.03
	0.04
	0.06
	0.1

	Case 411, InF-SH, FR1, Multi-RTT with 5MHz
	(Optional) All UEs
	5.5
	8.0
	11
	16

	
	Convex UEs
	4.8
	6.8
	9.6
	13

	Case 412, InF-SH, FR1, Multi-RTT with 20MHz
	(Optional) All UEs
	0.4
	0.6
	0.9
	1.5

	
	Convex UEs
	0.4
	0.5
	0.8
	1.1

	Case 413, InF-SH, FR1, Multi-RTT with 5MHz and FH
	(Optional) All UEs
	0.02
	0.03
	0.05
	0.07

	
	Convex UEs
	0.02
	0.03
	0.04
	0.06

	Case 414, InF-SH, FR1, Multi-RTT with 20MHz and FH
	(Optional) All UEs
	0.02
	0.04
	0.05
	0.08

	
	Convex UEs
	0.02
	0.03
	0.04
	0.07

	Case 415, InF-SH, FR1, Multi-RTT with 100MHz
	(Optional) All UEs
	0.02
	0.04
	0.05
	0.08

	
	Convex UEs
	0.02
	0.03
	0.04
	0.06

	
	Convex UEs
	0.003
	0.004
	0.008
	0.2
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