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Introduction
[bookmark: _Hlk510705081]RAN4 has discussed reduction of the number of DL PRS processing samples in RAN4#100, and shared view that is feasible with conditions [2]. RAN4 also noted a concern on accuracy performance. Based on Rel-16 link level simulation assumption for RSTD measurement agreed in [4], RAN4 further discusses on accuracy level of RSTD depending on the number of samples. 
Discussion 

In RAN4#100, RAN4 has discussed about the reduced number of samples versus positioning measurement accuracy. 
	RAN4#100 agreements
· Further study the impact of reducing number of processing samples
· Number of processing PRS samples: 1, 2, 3, 4 (reference/R16 assumption)
· PRS BW: FFS
· SNR conditions:
· Option 1: Rel-16 side condition
· Option 2: Higher SNR side conditions than in Rel-16
· Channel models:
· Option 1: Rel-16 channel models
· Option 2: LOS channel models (e.g. TDL-D, TDL-E)
Note: other parameters and options are not precluded



Accordingly, we provide our performance analysis in the selected scenarios to read the performance trends accuracy and the number of sample M. To understand the low latency usecase more, the low latency usecase is assumed as a unique and separate usecase. Of course, the best case will be low latency and high accuracy usecase in any scenarios, but the low latency usecase will be more likely indoor scenarios such that IIoT factory or indoor shopping canter. The system configuration of positioning service will be more specific comparing to general positioning service with wide band width in a indoor network deployment.

Observation 1 : The low latency positioning usecase will be more likely indoor scenarios such that IIoT factory or indoor shopping center. The system configuration of positioning service will be more specific comparing to general positioning services.
Proposal 1 : It is not necessary to keep the Rel-16 accuracy requirements in all of testing scenarios of Rel-16 requirement study. Some of Rel-16 test conditions (i.e. small PRB) and its requirements may need to be adjusted or excluded.

Hence, we provide our observations of accuracy versus the number of samples in 
· FR1, AWGN, SCS = 15KHz, 30KHz, 30KHz,  PRB size=24, 52, 104, 268 268 RBs
· FR1, TDL-A30, SCS = 15KHz, 30KHz, 30KHz,  PRB size=24, 52, 104, 268 268 RBs
· FR2, AWGN, SCS = 60KHz, 120KHz,  PRB size=24, 32, 64, 132 RBs
· FR2, TDL-A30, SCS = 60KHz, 120KHz,  PRB size=24, 32, 64, 132 RBs

Further details of test configurations are provided in Appendix and in the tables. The indoor channels can be reasonably assumed to be more LoS with short delay spread when selecting AWGN and TDL-A30 for tests.

Observation 2 : We share observations from tests for accuracy versus the number of samples : 
· When PRB size is small (PRB size=24, 52), performance of the single sample measurement degrades significantly comparing to the four sample measurements.
· When PRB size is sufficient (i.e PRB size > 52), the performance of the single sample measurement is equivalent to to the four sample measurements under LoS multiple channels with short delay spread.
· Increasing PRS repetition in one transmission occasion helps to sustain the accuracy.

Proposal 2 : RAN4 considers to set requirement applicability rules with side conditions to apply accuracy requirements for low latency measurements. RAN4 can update as 
     - Low latency positioning measurement supports a single sample measurement (i.e M=1 )
     - Accuracy requirements for low latency measurement is applicable, when PRB size > X (e.g X >=52)
     - Apply accuracy requirements under LoS multiple channels with short delay spread.

Proposal 3 : In requirement applicability rules for low latency, consider either (i) giving additional margin to cases that accuracy is expected to degrade OR (ii) not to apply the accuracy requirements.
     - Other side conditions are not precluded due to UE implementation impacts.
         


Conclusion
This contribution has discussed problems and approaches for latency enhancements for NR positioning in Rel-17.

Observation 1 : The low latency positioning usecase will be more likely for indoor scenarios such that IIoT factory or indoor shopping center. The system configuration of positioning service will be more specific comparing to general positioning services.

Proposal 1 : It is not necessary to keep the Rel-16 accuracy requirements in all of testing scenarios of Rel-16 requirement study. Some of Rel-16 test conditions (i.e. small PRBs or NLOS channels) and its requirements may need to be adjusted or excluded.

Observation 2 : We share observations from tests for accuracy versus the number of samples : 
· When PRB size is small (PRB size=24, 52), the performance of the single sample measurement is degraded significantly comparing to the four sample measurements.
· When PRB size is sufficient (i.e PRB size > 52), the performance of the single sample measurement is equivalent to to the four sample measurements under LoS multiple channels with short delay spread.
· Increasing PRS repetition in one transmission occasion helps to sustain the accuracy requirements

Proposal 2 : RAN4 considers to set requirement applicability rules with side conditions to apply accuracy requirements for low latency measurements. RAN4 can update as 
     - Low latency positioning measurement supports a single sample measurement (i.e M=1 )
     - Accuracy requirements for low latency measurement is applicable, when PRB size > X (e.g X >=52)
     - Apply accuracy requirements under LoS multiple channels with short delay spread.

Proposal 3 : In requirement applicability rules for low latency, consider either (i) giving additional margin to cases that accuracy is expected to degrade OR (ii) not to apply the accuracy requirements.
     - Other side conditions are not precluded due to UE implementation impacts.

Simulation Results

FR1, AWGN, SCS = 15KHz,  PRB size=24, 52, 104, 268 268 RBs
	PRB
	FFT-size
/
sampling rate (TC)
	(Comb, Symbols)
	Rep
	M
	FR1 AWGN
SCS = 15KHz

	
	
	
	
	
	RSTD
(cell-1, cell-2)
	RSTD 
(cell-1, cell-3)

	24
	1024 
/
128Tc
	(4, 4)
	1
	1
	128
	128

	
	
	
	1
	2
	128
	128

	
	
	
	1
	4
	96
	96

	
	
	
	4
	1
	128
	128

	
	
	
	4
	2
	128
	64

	
	
	
	4
	4
	96
	64

	
	
	(12, 4)
	1
	1
	128
	128

	
	
	
	1
	2
	128
	128

	
	
	
	1
	4
	64
	96

	
	
	
	4
	1
	128
	128

	
	
	
	4
	2
	128
	128

	
	
	
	4
	4
	64
	64

	52
	1024 
/
128Tc
	(4, 4)
	1
	1
	128
	128

	
	
	
	1
	2
	96
	128

	
	
	
	1
	4
	64
	64

	
	
	
	4
	1
	128
	128

	
	
	
	4
	2
	128
	64

	
	
	
	4
	4
	64
	96

	
	
	(12, 4)
	1
	1
	128
	128

	
	
	
	1
	2
	64
	64

	
	
	
	1
	4
	64
	64

	
	
	
	4
	1
	128
	128

	
	
	
	4
	2
	128
	128

	
	
	
	4
	4
	64
	64

	104
	2048
/
64Tc
	(4, 4)
	1
	1
	64
	64

	
	
	
	1
	2
	32
	64

	
	
	
	1
	4
	32
	48

	
	
	
	4
	1
	64
	64

	
	
	
	4
	2
	64
	32

	
	
	
	4
	4
	32
	48

	
	
	(12, 4)
	1
	1
	64
	64

	
	
	
	1
	2
	64
	64

	
	
	
	1
	4
	32
	32

	
	
	
	4
	1
	64
	64

	
	
	
	4
	2
	64
	32

	
	
	
	4
	4
	32
	32

	268
	4096
/
32Tc
	(4, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	32
	16

	
	
	
	1
	4
	16
	16

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	32

	
	
	
	4
	4
	16
	16

	
	
	(12, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	32
	32

	
	
	
	1
	4
	16
	16

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	24
	32

	
	
	
	4
	4
	16
	16



FR1, AWGN, SCS = 30KHz,  PRB size=24, 52, 104, 268 268 RBs
	PRB
	FFT-size
/
sampling rate (TC)
	(Comb, Symbols)
	Rep
	M
	FR1 AWGN
SCS =30KHz

	
	
	
	
	
	RSTD
(cell-1, cell-2)
	RSTD 
(cell-1, cell-3)

	24
	512 
/
128Tc
	(4, 4)
	1
	1
	128
	128

	
	
	
	1
	2
	128
	64

	
	
	
	1
	4
	96
	96

	
	
	
	4
	1
	128
	128

	
	
	
	4
	2
	64
	128

	
	
	
	4
	4
	64
	64

	
	
	(12, 4)
	1
	1
	128
	128

	
	
	
	1
	2
	128
	64

	
	
	
	1
	4
	96
	64

	
	
	
	4
	1
	128
	128

	
	
	
	4
	2
	128
	128

	
	
	
	4
	4
	64
	64

	48
	1024 
/
64Tc
	(4, 4)
	1
	1
	64
	64

	
	
	
	1
	2
	32
	64

	
	
	
	1
	4
	32
	32

	
	
	
	4
	1
	64
	64

	
	
	
	4
	2
	32
	64

	
	
	
	4
	4
	48
	32

	
	
	(12, 4)
	1
	1
	64
	64

	
	
	
	1
	2
	64
	32

	
	
	
	1
	4
	48
	32

	
	
	
	4
	1
	64
	64

	
	
	
	4
	2
	64
	64

	
	
	
	4
	4
	64
	48

	132
	2048
/
32Tc
	(4, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	16
	16

	
	
	
	1
	4
	16
	16

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	16
	32

	
	
	
	4
	4
	8
	16

	
	
	(12, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	16
	16

	
	
	
	1
	4
	16
	16

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	16
	16

	
	
	
	4
	4
	16
	16

	272
	4096
/
16Tc
	(4, 4)
	1
	1
	16
	16

	
	
	
	1
	2
	8
	16

	
	
	
	1
	4
	8
	12

	
	
	
	4
	1
	16
	16

	
	
	
	4
	2
	8
	16

	
	
	
	4
	4
	8
	12

	
	
	(12, 4)
	1
	1
	16
	16

	
	
	
	1
	2
	8
	16

	
	
	
	1
	4
	12
	8

	
	
	
	4
	1
	16
	16

	
	
	
	4
	2
	8
	16

	
	
	
	4
	4
	8
	12



FR1, AWGN, SCS = 60KHz,  PRB size=24, 52, 104, 268 268 RBs
	PRB
	FFT-size
/
sampling rate (TC)
	(Comb, Symbols)
	Rep
	M
	FR1 AWGN
SCS = 60KHz

	
	
	
	
	
	RSTD
(cell-1, cell-2)
	RSTD 
(cell-1, cell-3)

	24
	512 
/
64Tc
	(4, 4)
	1
	1
	64
	64

	
	
	
	1
	2
	64
	64

	
	
	
	1
	4
	48
	416

	
	
	
	4
	1
	64
	64

	
	
	
	4
	2
	64
	64

	
	
	
	4
	4
	32
	32

	
	
	(12, 4)
	1
	1
	64
	64

	
	
	
	1
	2
	64
	32

	
	
	
	1
	4
	48
	32

	
	
	
	4
	1
	64
	64

	
	
	
	4
	2
	64
	64

	
	
	
	4
	4
	32
	32

	64
	1024 
/
32Tc
	(4, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	16
	32

	
	
	
	1
	4
	16
	24

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	16

	
	
	
	4
	4
	16
	16

	
	
	(12, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	16
	32

	
	
	
	1
	4
	16
	24

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	16
	32

	
	
	
	4
	4
	16
	16

	132
	2048
/
16Tc
	(4, 4)
	1
	1
	16
	16

	
	
	
	1
	2
	8
	16

	
	
	
	1
	4
	8
	12

	
	
	
	4
	1
	16
	16

	
	
	
	4
	2
	8
	16

	
	
	
	4
	4
	8
	12

	
	
	(12, 4)
	1
	1
	16
	16

	
	
	
	1
	2
	8
	16

	
	
	
	1
	4
	8
	8

	
	
	
	4
	1
	16
	16

	
	
	
	4
	2
	8
	16

	
	
	
	4
	4
	8
	8




FR1, TDL-A30, SCS = 15KHz,  PRB size=24, 52, 104, 268 268 RBs
	PRB
	FFT-size
/
sampling rate (TC)
	(Comb, Symbols)
	Rep
	M
	FR1 TDL-A30
SCS = 15KHz

	
	
	
	
	
	RSTD
(cell-1, cell-2)
	RSTD 
(cell-1, cell-3)

	24
	1024 
/
128Tc
	(4, 4)
	1
	1
	28160
	12160

	
	
	
	1
	2
	14784
	14112

	
	
	
	1
	4
	4960
	12256

	
	
	
	4
	1
	128
	128

	
	
	
	4
	2
	128
	128

	
	
	
	4
	4
	128
	128

	
	
	(12, 4)
	1
	1
	128
	128

	
	
	
	1
	2
	160
	128

	
	
	
	1
	4
	192
	128

	
	
	
	4
	1
	128
	128

	
	
	
	4
	2
	128
	128

	
	
	
	4
	4
	128
	128

	52
	1024 
/
128Tc
	(4, 4)
	1
	1
	
	128

	
	
	
	1
	2
	
	128

	
	
	
	1
	4
	
	128

	
	
	
	4
	1
	128
	128

	
	
	
	4
	2
	128
	128

	
	
	
	4
	4
	128
	128

	
	
	(12, 4)
	1
	1
	128
	128

	
	
	
	1
	2
	128
	128

	
	
	
	1
	4
	128
	128

	
	
	
	4
	1
	128
	128

	
	
	
	4
	2
	128
	128

	
	
	
	4
	4
	128
	128

	104
	2048
/
64Tc
	(4, 4)
	1
	1
	64
	64

	
	
	
	1
	2
	64
	64

	
	
	
	1
	4
	112
	64

	
	
	
	4
	1
	64
	64

	
	
	
	4
	2
	64
	64

	
	
	
	4
	4
	48
	64

	
	
	(12, 4)
	1
	1
	64
	64

	
	
	
	1
	2
	64
	64

	
	
	
	1
	4
	80
	64

	
	
	
	4
	1
	64
	64

	
	
	
	4
	2
	96
	64

	
	
	
	4
	4
	80
	64

	268
	4096
/
32Tc
	(4, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	32
	32

	
	
	
	1
	4
	32
	32

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	32

	
	
	
	4
	4
	32
	32

	
	
	(12, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	32
	32

	
	
	
	1
	4
	32
	24

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	32

	
	
	
	4
	4
	32
	32



FR1, TDL-A30, SCS = 30KHz,  PRB size=24, 52, 104, 268 268 RBs
	PRB
	FFT-size
/
sampling rate (TC)
	(Comb, Symbols)
	Rep
	M
	FR1 TDL-A30
SCS =30KHz

	
	
	
	
	
	RSTD
(cell-1, cell-2)
	RSTD 
(cell-1, cell-3)

	24
	512 
/
128Tc
	(4, 4)
	1
	1
	15040
	128

	
	
	
	1
	2
	13568
	128

	
	
	
	1
	4
	7520
	4416

	
	
	
	4
	1
	256
	128

	
	
	
	4
	2
	128
	128

	
	
	
	4
	4
	192
	128

	
	
	(12, 4)
	1
	1
	128
	128

	
	
	
	1
	2
	128
	128

	
	
	
	1
	4
	192
	128

	
	
	
	4
	1
	256
	128

	
	
	
	4
	2
	128
	128

	
	
	
	4
	4
	192
	128

	48
	1024 
/
64Tc
	(4, 4)
	1
	1
	
	64

	
	
	
	1
	2
	
	64

	
	
	
	1
	4
	
	64

	
	
	
	4
	1
	128
	64

	
	
	
	4
	2
	128
	64

	
	
	
	4
	4
	112
	64

	
	
	(12, 4)
	1
	1
	128
	64

	
	
	
	1
	2
	128
	64

	
	
	
	1
	4
	80
	64

	
	
	
	4
	1
	128
	64

	
	
	
	4
	2
	128
	64

	
	
	
	4
	4
	128
	64

	132
	2048
/
32Tc
	(4, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	48
	32

	
	
	
	1
	4
	40
	24

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	32

	
	
	
	4
	4
	32
	32

	
	
	(12, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	32
	32

	
	
	
	1
	4
	32
	32

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	32

	
	
	
	4
	4
	32
	32

	272
	4096
/
16Tc
	(4, 4)
	1
	1
	16
	16

	
	
	
	1
	2
	16
	16

	
	
	
	1
	4
	16
	16

	
	
	
	4
	1
	16
	16

	
	
	
	4
	2
	16
	16

	
	
	
	4
	4
	16
	16

	
	
	(12, 4)
	1
	1
	16
	16

	
	
	
	1
	2
	16
	16

	
	
	
	1
	4
	16
	16

	
	
	
	4
	1
	16
	16

	
	
	
	4
	2
	16
	16

	
	
	
	4
	4
	16
	16



FR1, TDL-A30, SCS = 60KHz,  PRB size=24, 52, 104, 268 268 RBs
	PRB
	FFT-size
/
sampling rate (TC)
	(Comb, Symbols)
	Rep
	M
	FR1 TDL-A30
SCS = 60KHz

	
	
	
	
	
	RSTD
(cell-1, cell-2)
	RSTD 
(cell-1, cell-3)

	24
	512 
/
64Tc
	(4, 4)
	1
	1
	
	

	
	
	
	1
	2
	
	

	
	
	
	1
	4
	
	

	
	
	
	4
	1
	128
	64

	
	
	
	4
	2
	128
	64

	
	
	
	4
	4
	128
	32

	
	
	(12, 4)
	1
	1
	128
	64

	
	
	
	1
	2
	128
	64

	
	
	
	1
	4
	80
	48

	
	
	
	4
	1
	128
	64

	
	
	
	4
	2
	128
	32

	
	
	
	4
	4
	128
	16

	64
	1024 
/
32Tc
	(4, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	32
	16

	
	
	
	1
	4
	24
	16

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	32

	
	
	
	4
	4
	32
	24

	
	
	(12, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	32
	16

	
	
	
	1
	4
	24
	16

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	32

	
	
	
	4
	4
	32
	24

	132
	2048
/
16Tc
	(4, 4)
	1
	1
	16
	16

	
	
	
	1
	2
	16
	16

	
	
	
	1
	4
	16
	16

	
	
	
	4
	1
	16
	16

	
	
	
	4
	2
	16
	16

	
	
	
	4
	4
	16
	16

	
	
	(12, 4)
	1
	1
	16
	16

	
	
	
	1
	2
	16
	16

	
	
	
	1
	4
	16
	16

	
	
	
	4
	1
	16
	16

	
	
	
	4
	2
	16
	16

	
	
	
	4
	4
	16
	16



FR2, AWGN, SCS = 120KHz,  PRB size=24, 32, 64, 132 RBs
	PRB
	FFT-size
/
sampling rate (TC)
	(Comb, Symbols)
	Rep
	M
	FR2 AWGN
SCS = 120KHz

	
	
	
	
	
	RSTD
(cell-1, cell-2)
	RSTD 
(cell-1, cell-3)

	24
	512 
/
32Tc
	(4, 4)
	1
	1
	32
	8384

	
	
	
	1
	2
	32
	4880

	
	
	
	1
	4
	16
	5248

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	32

	
	
	
	4
	4
	16
	16

	
	
	(12, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	32
	32

	
	
	
	1
	4
	16
	24

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	16
	16

	
	
	
	4
	4
	16
	16

	32
	512 
/
32Tc
	(4, 4)
	1
	1
	32
	8096

	
	
	
	1
	2
	32
	6768

	
	
	
	1
	4
	24
	5864

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	16
	32

	
	
	
	4
	4
	16
	16

	
	
	(12, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	32
	16

	
	
	
	1
	4
	8
	16

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	16
	32

	
	
	
	4
	4
	16
	16

	64
	1024
/
16Tc
	(4, 4)
	1
	1
	16
	16

	
	
	
	1
	2
	8
	16

	
	
	
	1
	4
	8
	12

	
	
	
	4
	1
	16
	16

	
	
	
	4
	2
	16
	16

	
	
	
	4
	4
	8
	8

	
	
	(12, 4)
	1
	1
	16
	16

	
	
	
	1
	2
	8
	16

	
	
	
	1
	4
	8
	12

	
	
	
	4
	1
	16
	16

	
	
	
	4
	2
	8
	16

	
	
	
	4
	4
	8
	8

	132
	2048
/
8Tc
	(4, 4)
	1
	1
	8
	8

	
	
	
	1
	2
	8
	4

	
	
	
	1
	4
	6
	4

	
	
	
	4
	1
	8
	8

	
	
	
	4
	2
	8
	8

	
	
	
	4
	4
	4
	6

	
	
	(12, 4)
	1
	1
	8
	8

	
	
	
	1
	2
	4
	4

	
	
	
	1
	4
	4
	4

	
	
	
	4
	1
	8
	8

	
	
	
	4
	2
	4
	4

	
	
	
	4
	4
	4
	4



FR2, AWGN, SCS = 60KHz,  PRB size=24, 64, 132 RBs
	PRB
	FFT-size
/
sampling rate (TC)
	(Comb, Symbols)
	Rep
	M
	FR2 AWGN
SCS = 60KHz

	
	
	
	
	
	RSTD
(cell-1, cell-2)
	RSTD 
(cell-1, cell-3)

	24
	1024 
/
32Tc
	(4, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	16
	16

	
	
	
	1
	4
	16
	8

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	16

	
	
	
	4
	4
	24
	16

	
	
	(12, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	32
	32

	
	
	
	1
	4
	16
	16

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	16

	
	
	
	4
	4
	16
	16

	64
	1024 
/
32Tc
	(4, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	16
	32

	
	
	
	1
	4
	16
	24

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	16

	
	
	
	4
	4
	16
	16

	
	
	(12, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	16
	32

	
	
	
	1
	4
	16
	24

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	16
	32

	
	
	
	4
	4
	16
	16

	132
	2048
/
16Tc
	(4, 4)
	1
	1
	16
	16

	
	
	
	1
	2
	8
	16

	
	
	
	1
	4
	8
	12

	
	
	
	4
	1
	16
	16

	
	
	
	4
	2
	8
	16

	
	
	
	4
	4
	8
	12

	
	
	(12, 4)
	1
	1
	16
	16

	
	
	
	1
	2
	8
	16

	
	
	
	1
	4
	8
	8

	
	
	
	4
	1
	16
	16

	
	
	
	4
	2
	8
	16

	
	
	
	4
	4
	8
	8



FR2, TDL-A30, SCS = 120KHz,  PRB size=24, 32, 64, 132 RBs
	PRB
	FFT-size
/
sampling rate (TC)
	(Comb, Symbols)
	Rep
	M
	FR2 TDL-A30
SCS = 120KHz

	
	
	
	
	
	RSTD
(cell-1, cell-2)
	RSTD 
(cell-1, cell-3)

	24
	512 
/
32Tc
	(4, 4)
	1
	1
	
	3040

	
	
	
	1
	2
	
	3488

	
	
	
	1
	4
	
	2720

	
	
	
	4
	1
	64
	32

	
	
	
	4
	2
	48
	32

	
	
	
	4
	4
	56
	32

	
	
	(12, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	48
	32

	
	
	
	1
	4
	32
	32

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	48
	32

	
	
	
	4
	4
	40
	32

	32
	512 
/
32Tc
	(4, 4)
	1
	1
	
	

	
	
	
	1
	2
	
	

	
	
	
	1
	4
	
	

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	16

	
	
	
	4
	4
	24
	16

	
	
	(12, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	32
	32

	
	
	
	1
	4
	32
	16

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	16

	
	
	
	4
	4
	32
	16

	64
	1024
/
16Tc
	(4, 4)
	1
	1
	16
	16

	
	
	
	1
	2
	16
	8

	
	
	
	1
	4
	20
	8

	
	
	
	4
	1
	16
	0

	
	
	
	4
	2
	16
	0

	
	
	
	4
	4
	16
	0

	
	
	(12, 4)
	1
	1
	16
	0

	
	
	
	1
	2
	16
	8

	
	
	
	1
	4
	16
	4

	
	
	
	4
	1
	16
	0

	
	
	
	4
	2
	16
	0

	
	
	
	4
	4
	16
	0

	132
	2048
/
8Tc
	(4, 4)
	1
	1
	8
	8

	
	
	
	1
	2
	8
	8

	
	
	
	1
	4
	16
	8

	
	
	
	4
	1
	8
	8

	
	
	
	4
	2
	8
	8

	
	
	
	4
	4
	8
	8

	
	
	(12, 4)
	1
	1
	8
	8

	
	
	
	1
	2
	8
	8

	
	
	
	1
	4
	8
	8

	
	
	
	4
	1
	8
	8

	
	
	
	4
	2
	8
	8

	
	
	
	4
	4
	8
	8



FR2, TDL-A30, SCS = 60KHz,  PRB size=24, 64, 132 RBs
	PRB
	FFT-size
/
sampling rate (TC)
	(Comb, Symbols)
	Rep
	M
	FR2 TDL-A30
SCS = 60KHz

	
	
	
	
	
	RSTD
(cell-1, cell-2)
	RSTD 
(cell-1, cell-3)

	24
	1024 
/
32Tc
	(4, 4)
	1
	1
	12032
	32

	
	
	
	1
	2
	7824
	32

	
	
	
	1
	4
	6448
	24

	
	
	
	4
	1
	128
	32

	
	
	
	4
	2
	128
	32

	
	
	
	4
	4
	112
	32

	
	
	(12, 4)
	1
	1
	128
	32

	
	
	
	1
	2
	112
	32

	
	
	
	1
	4
	88
	24

	
	
	
	4
	1
	128
	32

	
	
	
	4
	2
	128
	32

	
	
	
	4
	4
	120
	32

	64
	1024 
/
32Tc
	(4, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	32
	16

	
	
	
	1
	4
	24
	16

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	32

	
	
	
	4
	4
	32
	24

	
	
	(12, 4)
	1
	1
	32
	32

	
	
	
	1
	2
	32
	16

	
	
	
	1
	4
	24
	16

	
	
	
	4
	1
	32
	32

	
	
	
	4
	2
	32
	32

	
	
	
	4
	4
	32
	24

	132
	2048
/
16Tc
	(4, 4)
	1
	1
	16
	16

	
	
	
	1
	2
	16
	16

	
	
	
	1
	4
	16
	16

	
	
	
	4
	1
	16
	16

	
	
	
	4
	2
	16
	16

	
	
	
	4
	4
	16
	16

	
	
	(12, 4)
	1
	1
	16
	16

	
	
	
	1
	2
	16
	16

	
	
	
	1
	4
	16
	16

	
	
	
	4
	1
	16
	16

	
	
	
	4
	2
	16
	16

	
	
	
	4
	4
	16
	16
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Appendix : simulation condition


Table 1: General parameters
	Parameter
	Value

	
	FR1
	FR2 (TBD)

	Cell layout
	3 cells at distinct locations: <cell 1, cell 2, cell 3>, where cell 1 is the reference cell

	[bookmark: _Hlk23422847]Network synchronization
	•	Synchronous with time shifts <0, 0, 3 us>

As workaround, a single link simulation for each gNB link is also ok.
•	Asynchronous with time shifts: <0, 7 symbols, -7 symbols> 

	Duplex modes
	FDD and TDD

	TDD specific parameters (TTD configuration is in 38.133, section A.3.1.4)
	· TDDConf.1.1 (15 kHz)
TDDConf.2.1 (30 kHz)
	· TDDConf.3.1 (120 kHz)

	Data and CCH load in PRS symbols
	no other cell transmissions in its positioning symbols, except PRS

	Data and CCH load in non-PRS symbols
	1) 50% utilization in time
2) 100% RE utilization

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency / BW / SCS / duplex mode
	· 2 GHz
· 10 MHz, 20 MHz, 50 MHz
· 15 kHz
· 60 kHz
· FDD, TDD
4 GHz
20 MHz, 50 MHz, 100 MHz
30 kHz
FDD, TDD
	· 40 GHz
· 50 MHz, 100 MHz, 200 MHz
· 120 kHz
· TDD

	Propagation conditions [TS 38.101-4]
	AWGN, 
TDL-C (300 ns delay spread, 100 Hz), 
TDL-A (30 ns delay spread, 5Hz), 

	TDL-C (60 ns delay spread, 300 Hz)

	Es/Iot for three cells (cell 1, cell 2, cell 3), [dB]
	(-6, -13, -13)
(-3, -13, -13)
	(-6, -13, -13)
(-3, -10, -10)

	Number of UE receive antennas
	2 rx (uncorrelated with equal gain, no rx beamforming)

	UE measurement bandwidth
	Full carrier bandwidth


Table 2: PRS transmission configuration parameters
	Parameter
	Value

	Number of transmit PRS antennas
	1

	Cell ID, TRP ID, PRS Resource Set ID
	Selected to ensure non-overlapping PRS REs in frequency

	Number of DL PRS Resource sets for a positioning fix
	1 (including all PRS resource repetitions)


	PRS transmission bandwidth (in PRBs) - full carrier BW

	· 24, 52, 104, 268 268 (50MHz)30 kHz: 
48 (20MHz),132 (50MHz), 272 (100MHz)
	32(50MHz),64(100MHz), 128 (200MHz)

	Comb
	Comb-4, comb-6comb-2 (with muting)comb-12

	DL-PRS-ResourceRepetitionFactor
	1, 2, 4, 16

	PRS-ResourceTimeGap
	1, 
	1,

	PRS muting
	No muting (comb-4, comb-6 comb-12), muting (comb-2)



	Power boosting
	No power boosting

	ExpectedRSTD-Uncertainty
	5 us (15 kHz), 2.5 us (30 kHz), 0.625 us (120 kHz)


At least the following performance characteristics are to be provided for PRS RSTD:
· RSTD error CDFs for 3 cellsthe 2 neighbour cells 
· 90%-ile of the RSTD errors for each neighbour cell
At least the following performance characteristics are to be provided for PRS RSRP:
· RSRP error CDFs for 3 cells
· 90%-ile of the RSRP errors for each cell
In the above, 
· RSTD error = estimated RSTD – ideal RSTD (based on perfect channel knowledge).
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