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Introduction
[bookmark: _Hlk510705081]RAN4 has discussed reduction of the number of DL PRS processing samples in RAN4#101. For further study on performance requirements for low latency, WF in [2] has been agreed and link level simulation assumption for RSTD measurement agreed in [4], We further provide our observation on accuracy level of RSTD depending on the number of samples in this contribution.
Discussion 

In RAN4#101, RAN4 has discussed about the reduced number of samples versus positioning measurement accuracy. 
	RAN4#101 agreements
Number of samples w/o AGC: M1 = 1
· FFS how to address the cases M1 = 2, 3
PRS Ês/Iot (dB): FFS
· Option 1: Reuse Rel-16 side conditions
· Option 2: Higher side conditions
· Option 2A: [0; -6] dB
Propagation conditions: FFS
· Option 1: Reuse Rel-16 conditions
· Option 2: LOS TDL-D, DS = 30ns, Doppler = 5 Hz
PRS BW: FFS
Option 1: Reuse Rel-16
· Option 2: Subset of Rel-16 PRS BW
PRS repetition: FFS




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.

We have provided simulation results of Rel-16 based simulation assumption [5, R4-2119011]. In fact, significant accuracy degradation is found in most of cases in PRB size < 52 in NLOS channels. If reusing the Rel-16 requirements for low latency, PRB size < 52 (or higher) needs to be excluded. This may be easy to maintain the accuracy requirement but results in poor test coverage. 


Observation 1 : We share observations from tests for accuracy versus the number of samples in LoS (AWGN and TDL-D channels) with high SNR condition: 
· Most of testcases shows reasonable accuracy performance. Performance degradation is limited in cases when PRB size is small (i.e. PRB size=24) with SCS = 15KHz comparing to the four sample measurements.
· When PRB size is sufficient, 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.

Observation 2 : If reusing the Rel-16 requirements and test conditions for low latency measurement, PRB size < 52 (or higher) needs to be excluded. This may give easy requirement maintenance, but results in poor test coverage. 

Observation 3 : If adding new requirements and test conditions for low latency measurement, test coverage will be improved, but requirement maintance can be burden with extra RAN4 effort.

Proposal 1 : Based on performance and observations, RAN4 to decide how to derive accuracy performance requirement with 1-sample measurement based on the performance study agreed in RAN4#101.
Option 1 : Reuse Rel-16 accuracy requirements with excluding cases with small BW or low SNR testcases
Option 2 : Define new accuracy requirements for low latency measurement

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 requirement targets at a single sample measurement
     - Select high SNR and LoS channel condition
     - Accuracy requirements for low latency measurement is applicable, when PRB size > X
     - Apply accuracy requirements under LoS multiple channels with short delay spread.

         


Conclusion
This contribution has discussed problems and approaches for latency enhancements for NR positioning in Rel-17.
Observation 1 : We share observations from tests for accuracy versus the number of samples in LoS (AWGN and TDL-D channels) with high SNR condition: 
· Most of testcases shows reasonable accuracy performance. Performance degradation is limited in cases when PRB size is small (i.e. PRB size=24) with SCS = 15KHz comparing to the four sample measurements.
· When PRB size is sufficient, 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.

Observation 2 : If reusing the Rel-16 requirements and test conditions for low latency measurement, PRB size < 52 (or higher) needs to be excluded. This may give easy requirement maintenance, but results in poor test coverage. 

Observation 3 : If adding new requirements and test conditions for low latency measurement, test coverage will be improved, but requirement maintance can be burden with extra RAN4 effort.

Proposal 1 : Based on performance and observations, RAN4 to decide how to derive accuracy performance requirement with 1-sample measurement based on the performance study agreed in RAN4#101.
Option 1 : Reuse Rel-16 accuracy requirements with excluding cases with small BW or low SNR testcases
Option 2 : Define new accuracy requirements for low latency measurement

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 requirement targets at a single sample measurement
     - Select high SNR and LoS channel condition
     - Accuracy requirements for low latency measurement is applicable, when PRB size > X
     - Apply accuracy requirements under LoS multiple channels with short delay spread.


Simulation Results
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	1
	2
	48
	32
	

	
	
	
	1
	4
	32
	32
	

	
	
	
	4
	1
	64
	32
	

	
	
	
	4
	2
	48
	32
	

	
	
	
	4
	4
	39
	32
	

	272
	4096
/
16Tc
	(4, 4)
	1
	1
	56
	24
	

	
	
	
	1
	2
	40
	20
	

	
	
	
	1
	4
	40
	16
	

	
	
	
	4
	1
	56
	20
	

	
	
	
	4
	2
	52
	18.4
	

	
	
	
	4
	4
	46
	18
	

	
	
	(12, 4)
	1
	1
	56
	20
	

	
	
	
	1
	2
	40
	16
	

	
	
	
	1
	4
	40
	18
	

	
	
	
	4
	1
	56
	20
	

	
	
	
	4
	2
	52
	16
	

	
	
	
	4
	4
	46
	18
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	PRB
	FFT-size
/
sampling rate (TC)
	(Comb, Symbols)
	Rep
	M
	FR1 TDL-A
SCS = 60KHz 
	

	
	
	
	
	
	
	

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

	24
	512 
/
64Tc
	(4, 4)
	1
	1
	96
	64
	

	
	
	
	1
	2
	64
	64
	

	
	
	
	1
	4
	70.4
	64
	

	
	
	
	4
	1
	64
	64
	

	
	
	
	4
	2
	64
	64
	

	
	
	
	4
	4
	64
	64
	

	
	
	(12, 4)
	1
	1
	96
	64
	

	
	
	
	1
	2
	64
	64
	

	
	
	
	1
	4
	64
	64
	

	
	
	
	4
	1
	64
	64
	

	
	
	
	4
	2
	64
	64
	

	
	
	
	4
	4
	64
	64
	

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

	
	
	
	1
	2
	48
	32
	

	
	
	
	1
	4
	40
	32
	

	
	
	
	4
	1
	64
	32
	

	
	
	
	4
	2
	48
	32
	

	
	
	
	4
	4
	40
	32
	

	
	
	(12, 4)
	1
	1
	32
	32
	

	
	
	
	1
	2
	32
	32
	

	
	
	
	1
	4
	32
	32
	

	
	
	
	4
	1
	32
	32
	

	
	
	
	4
	2
	48
	32
	

	
	
	
	4
	4
	40
	32
	

	132
	2048
/
16Tc
	(4, 4)
	1
	1
	24
	16
	

	
	
	
	1
	2
	24
	16
	

	
	
	
	1
	4
	32
	16
	

	
	
	
	4
	1
	32
	16
	

	
	
	
	4
	2
	25
	16
	

	
	
	
	4
	4
	28.5
	16
	

	
	
	(12, 4)
	1
	1
	24
	16
	

	
	
	
	1
	2
	24
	16
	

	
	
	
	1
	4
	28
	16
	

	
	
	
	4
	1
	32
	16
	

	
	
	
	4
	2
	28
	16
	

	
	
	
	4
	4
	26
	16
	




	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
	32
	

	
	
	
	1
	2
	16
	16
	

	
	
	
	1
	4
	16
	16
	

	
	
	
	4
	1
	32
	32
	

	
	
	
	4
	2
	32
	32
	

	
	
	
	4
	4
	24
	16
	

	
	
	(12, 4)
	1
	1
	32
	32
	

	
	
	
	1
	2
	32
	32
	

	
	
	
	1
	4
	24
	24
	

	
	
	
	4
	1
	32
	32
	

	
	
	
	4
	2
	32
	16
	

	
	
	
	4
	4
	24
	16
	

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

	
	
	
	1
	2
	32
	32
	

	
	
	
	1
	4
	16
	16
	

	
	
	
	4
	1
	32
	32
	

	
	
	
	4
	2
	32
	16
	

	
	
	
	4
	4
	24
	16
	

	
	
	(12, 4)
	1
	1
	32
	32
	

	
	
	
	1
	2
	16
	16
	

	
	
	
	1
	4
	8
	16
	

	
	
	
	4
	1
	32
	32
	

	
	
	
	4
	2
	16
	32
	

	
	
	
	4
	4
	16
	24
	

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

	
	
	
	1
	2
	16
	16
	

	
	
	
	1
	4
	8
	8
	

	
	
	
	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
	12
	

	
	
	
	4
	1
	16
	16
	

	
	
	
	4
	2
	16
	16
	

	
	
	
	4
	4
	8
	8
	

	128
	2048
/
8Tc
	(4, 4)
	1
	1
	8
	8
	

	
	
	
	1
	2
	8
	8
	

	
	
	
	1
	4
	6
	6
	

	
	
	
	4
	1
	8
	8
	

	
	
	
	4
	2
	6.4
	4
	

	
	
	
	4
	4
	4
	4
	

	
	
	(12, 4)
	1
	1
	8
	8
	

	
	
	
	1
	2
	4
	4
	

	
	
	
	1
	4
	4
	2
	

	
	
	
	4
	1
	8
	8
	

	
	
	
	4
	2
	4
	8
	

	
	
	
	4
	4
	4
	4
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	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
	64
	64
	

	
	
	
	1
	2
	32
	32
	

	
	
	
	1
	4
	32
	48
	

	
	
	
	4
	1
	64
	64
	

	
	
	
	4
	2
	64
	64
	

	
	
	
	4
	4
	48
	32
	

	
	
	(12, 4)
	1
	1
	64
	64
	

	
	
	
	1
	2
	64
	32
	

	
	
	
	1
	4
	32
	32
	

	
	
	
	4
	1
	64
	64
	

	
	
	
	4
	2
	64
	64
	

	
	
	
	4
	4
	48
	48
	

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

	
	
	
	1
	2
	32
	32
	

	
	
	
	1
	4
	24
	24
	

	
	
	
	4
	1
	32
	32
	

	
	
	
	4
	2
	32
	32
	

	
	
	
	4
	4
	16
	16
	

	
	
	(12, 4)
	1
	1
	32
	32
	

	
	
	
	1
	2
	16
	32
	

	
	
	
	1
	4
	16
	24
	

	
	
	
	4
	1
	32
	32
	

	
	
	
	4
	2
	32
	32
	

	
	
	
	4
	4
	16
	22.4
	

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

	
	
	
	1
	2
	16
	8
	

	
	
	
	1
	4
	12
	8
	

	
	
	
	4
	1
	16
	16
	

	
	
	
	4
	2
	16
	16
	

	
	
	
	4
	4
	8
	12
	

	
	
	(12, 4)
	1
	1
	16
	16
	

	
	
	
	1
	2
	16
	16
	

	
	
	
	1
	4
	8
	8
	

	
	
	
	4
	1
	16
	16
	

	
	
	
	4
	2
	8
	16
	

	
	
	
	4
	4
	8
	8
	



	PRB
	FFT-size
/
sampling rate (TC)
	(Comb, Symbols)
	Rep
	M
	FR2 TDL-D
SCS = 120KHz 

	
	
	
	
	
	
	

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

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

	
	
	
	1
	2
	32
	32
	

	
	
	
	1
	4
	24
	24
	

	
	
	
	4
	1
	32
	32
	

	
	
	
	4
	2
	32
	32
	

	
	
	
	4
	4
	32
	24
	

	
	
	(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
	

	32
	512 
/
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
	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
	

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

	
	
	
	1
	2
	12.8
	16
	

	
	
	
	1
	4
	8
	8
	

	
	
	
	4
	1
	16
	16
	

	
	
	
	4
	2
	8
	16
	

	
	
	
	4
	4
	8
	12
	

	
	
	(12, 4)
	1
	1
	16
	16
	

	
	
	
	1
	2
	8
	8
	

	
	
	
	1
	4
	8
	8
	

	
	
	
	4
	1
	16
	16
	

	
	
	
	4
	2
	16
	16
	

	
	
	
	4
	4
	8
	8
	

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

	
	
	
	1
	2
	8
	8
	

	
	
	
	1
	4
	6
	6
	

	
	
	
	4
	1
	8
	8
	

	
	
	
	4
	2
	8
	8
	

	
	
	
	4
	4
	6
	6
	

	
	
	(12, 4)
	1
	1
	8
	8
	

	
	
	
	1
	2
	8
	4
	

	
	
	
	1
	4
	5.6
	4
	

	
	
	
	4
	1
	8
	8
	

	
	
	
	4
	2
	8
	8
	

	
	
	
	4
	4
	8
	6
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	PRB
	FFT-size
/
sampling rate (TC)
	(Comb, Symbols)
	Rep
	M
	FR2 TDL-D
SCS = 60KHz 
	

	
	
	
	
	
	
	

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

	24
	1024 
/
32Tc
	(4, 4)
	1
	1
	64
	64
	

	
	
	
	1
	2
	64
	64
	

	
	
	
	1
	4
	64
	64
	

	
	
	
	4
	1
	64
	64
	

	
	
	
	4
	2
	64
	64
	

	
	
	
	4
	4
	64
	64
	

	
	
	(12, 4)
	1
	1
	64
	64
	

	
	
	
	1
	2
	64
	64
	

	
	
	
	1
	4
	64
	64
	

	
	
	
	4
	1
	64
	64
	

	
	
	
	4
	2
	64
	64
	

	
	
	
	4
	4
	64
	64
	

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

	
	
	
	1
	2
	32
	32
	

	
	
	
	1
	4
	24
	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
	

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

	
	
	
	1
	2
	16
	16
	

	
	
	
	1
	4
	8
	8
	

	
	
	
	4
	1
	16
	16
	

	
	
	
	4
	2
	16
	16
	

	
	
	
	4
	4
	12
	12
	

	
	
	(12, 4)
	1
	1
	16
	16
	

	
	
	
	1
	2
	16
	16
	

	
	
	
	1
	4
	12
	12
	

	
	
	
	4
	1
	16
	16
	

	
	
	
	4
	2
	16
	16
	

	
	
	
	4
	4
	12
	16
	



	PRB
	FFT-size
/
sampling rate (TC)
	(Comb, Symbols)
	Rep
	M
	FR2 TDL-C
SCS = 120KHz 

	
	
	
	
	
	
	

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

	24
	512 
/
32Tc
	(4, 4)
	1
	1
	64
	96
	

	
	
	
	1
	2
	56
	1568
	

	
	
	
	1
	4
	32
	1948
	

	
	
	
	4
	1
	48
	68
	

	
	
	
	4
	2
	37.2
	47.2
	

	
	
	
	4
	4
	26
	31
	

	
	
	(12, 4)
	1
	1
	56
	64
	

	
	
	
	1
	2
	40
	48
	

	
	
	
	1
	4
	24
	32
	

	
	
	
	4
	1
	48
	68
	

	
	
	
	4
	2
	37.2
	41.2
	

	
	
	
	4
	4
	26
	31
	

	32
	512 
/
32Tc
	(4, 4)
	1
	1
	48
	80
	

	
	
	
	1
	2
	40
	72
	

	
	
	
	1
	4
	24
	1760
	

	
	
	
	4
	1
	48
	56
	

	
	
	
	4
	2
	36
	38
	

	
	
	
	4
	4
	23
	27
	

	
	
	(12, 4)
	1
	1
	48
	64
	

	
	
	
	1
	2
	40
	40
	

	
	
	
	1
	4
	24
	32
	

	
	
	
	4
	1
	48
	54
	

	
	
	
	4
	2
	37.2
	36
	

	
	
	
	4
	4
	23
	27
	

	64
	1024
/
16Tc
	(4, 4)
	1
	1
	56
	56
	

	
	
	
	1
	2
	40
	44
	

	
	
	
	1
	4
	22
	30
	

	
	
	
	4
	1
	50
	54
	

	
	
	
	4
	2
	44
	46.6
	

	
	
	
	4
	4
	30.5
	39
	

	
	
	(12, 4)
	1
	1
	64
	56
	

	
	
	
	1
	2
	52
	48
	

	
	
	
	1
	4
	32
	40
	

	
	
	
	4
	1
	56
	58
	

	
	
	
	4
	2
	40
	49
	

	
	
	
	4
	4
	30.5
	35
	

	132
	2048
/
8Tc
	(4, 4)
	1
	1
	60
	56
	

	
	
	
	1
	2
	42
	37.2
	

	
	
	
	1
	4
	32
	28.8
	

	
	
	
	4
	1
	44.5
	47
	

	
	
	
	4
	2
	33.6
	28.8
	

	
	
	
	4
	4
	28.25
	21.25
	

	
	
	(12, 4)
	1
	1
	56
	56
	

	
	
	
	1
	2
	36
	40
	

	
	
	
	1
	4
	27.6
	29
	

	
	
	
	4
	1
	43
	46
	

	
	
	
	4
	2
	33.4
	30
	

	
	
	
	4
	4
	23.75
	23.75
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	PRB
	FFT-size
/
sampling rate (TC)
	(Comb, Symbols)
	Rep
	M
	FR2 TDL-C
SCS = 60KHz 
	

	
	
	
	
	
	
	

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

	24
	1024 
/
32Tc
	(4, 4)
	1
	1
	96
	96
	

	
	
	
	1
	2
	80
	64
	

	
	
	
	1
	4
	56
	32
	

	
	
	
	4
	1
	96
	80
	

	
	
	
	4
	2
	72
	56
	

	
	
	
	4
	4
	46
	40
	

	
	
	(12, 4)
	1
	1
	96
	64
	

	
	
	
	1
	2
	80
	48
	

	
	
	
	1
	4
	48
	32
	

	
	
	
	4
	1
	84
	76
	

	
	
	
	4
	2
	66.4
	52
	

	
	
	
	4
	4
	50
	44
	

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

	
	
	
	1
	2
	40
	56
	

	
	
	
	1
	4
	28
	32
	

	
	
	
	4
	1
	48
	48
	

	
	
	
	4
	2
	32
	36
	

	
	
	
	4
	4
	23
	26
	

	
	
	(12, 4)
	1
	1
	64
	72
	

	
	
	
	1
	2
	40
	48
	

	
	
	
	1
	4
	28
	24
	

	
	
	
	4
	1
	56
	52
	

	
	
	
	4
	2
	34
	36
	

	
	
	
	4
	4
	26
	32
	

	132
	2048
/
16Tc
	(4, 4)
	1
	1
	64
	64
	

	
	
	
	1
	2
	52
	52
	

	
	
	
	1
	4
	36
	36
	

	
	
	
	4
	1
	48
	58
	

	
	
	
	4
	2
	38
	44.2
	

	
	
	
	4
	4
	28
	40
	

	
	
	(12, 4)
	1
	1
	64
	64
	

	
	
	
	1
	2
	54.4
	52
	

	
	
	
	1
	4
	42
	41.6
	

	
	
	
	4
	1
	50
	73
	

	
	
	
	4
	2
	38
	49.6
	

	
	
	
	4
	4
	28
	41
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