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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#102-e meeting, the issue on PRS-RSRPP was discussed. The WF are captured in [1] as follows:

	Issue 3-1-1: PRS-RSRPP accuracy
Agreements:
· RAN4 to discuss what propagation model to use for defining PRS-RSRPP accuracy requirements during the performance part.



In this contribution, we further provide our views on PRS-RSRPP.
2. Discussion

In the last meeting, all companies agree that RAN4 to discuss what propagation model to use for defining PRS-RSRPP accuracy requirements during the performance part. In addition, as shown in the highlighted part from the below table, this is conclusion that PRS RSRPP measurement requirements in Rel-17 are defined for first path (i =1) in the RAN4 #101-bis-e meeting.
	Issue 3-1-5: Related to RAN1 on DL PRS path RSRP
Agreements:
· Same Rx branches as applied for PRS-RSRP measurement are used for path PRS-RSRP measurement
· Update the RSRPP definition to reflect that it is the path power on RE level
· PRS-RSRPP measurement requirements in Rel-17 are defined for first path (i=1).
· Note: RAN4 understanding that PRS-RSRPP definition is generic and applicable to all paths (i≥ 1).
· Sent following LS reply to RAN1 containing above agreements:
· R4-2202775, LS reply on definition of DL PRS path RSRP, Nokia



As we mentioned in the contribution [2] from the RAN4# 101-bis-e meeting, the first path PRS-RSRP is used to enhance the DL-AOD positioning. We understand only in the LOS channel, the direction corresponding to the first path is the reasonable AOD information of the UE. In addition, based on our primary simulation, the ideal TOA is hard to determine for NLOS channel. This would make the ideal first path PRS RSRP accuracy requirements difficult to define if the NLOS channel is used. In the existing RSTD accuracy requirement, the reference point of ideal Rx time is defined as the absolute arrival time of the first path of the receive signal. However, for first path PRS RSRP, the similar rules may not be reused. Therefore, we suggest for first path PRS RSRP measurement accuracy, the LOS channel model should be considered. 
However, in the last meeting, some companies proposed that if the LOS channel model (e.g., TDL-D channel model) is used, the difference between PRS RSRP and first path PRS RSRP would be very small due to the first path power is very strongest compared with other paths. Apart from TDL-D, another LOS channel model (i.e., TDL-E) in 38.901 will have the same problem. In our understanding, there exists some differences when calculating PRS-RSRP and PRS-RSRPP. PRS-RSRP is defined in the frequency domain however first path PRS-RSRP depends on the power contribution corresponding to the first detected path in time. In other words, it is possible to take a difference approach when calculating the two values. Since the influence from channel model, noise and interfere, the value of first path PRS RSRP may be more than that of PRS RSRP. Therefore, it may be no necessary to compare PRS-RSRPP with PRS-RSRP when defining the accuracy requirements. So we propose that TDL-D channel model can be considered when defining the first path PRS-RSRP measurement accuracy requirements.
[bookmark: _Hlk98166512]Proposal 1: The LOS channel model (i.e., TDL-D) should be considered for first path PRS-RSRP measurement accuracy requirements.
In the RAN4 #101-bis-e meeting, we provided the primary simulation assumptions for first path PRS-RSRP measurement in the [3]. And the details are specified in Appendix. The simulation results for first path PRS-RSRP and PRS-RSRP measurement accuracy are shown in the Table 1 and 2 for AWGN and TDL-D channels. 
Table 1. Simulation results for AWGN channel
	SCS (kHz)
	BW (RB)
	PRS_Lenth
PerSlot
	PRS-RSRP
Accuracy [5%, 95%] (dB), SINR = -3dB
	PRS-RSRPP
Accuracy [5%, 95%] (dB), SINR = -3dB

	15
	24
	1
	-0.07
	0.74
	-0.02
	0.31

	
	
	2
	-0.06
	0.53
	-0.03
	0.21

	
	
	4
	-0.05
	0.35
	-0.02
	0.15

	
	52
	1
	-0.08
	0.48
	-0.03
	0.20

	
	
	2
	-0.08
	0.36
	-0.02
	0.15

	
	
	4
	-0.09
	0.21
	-0.03
	0.09

	
	104
	1
	-0.05
	0.36
	-0.01
	0.15

	
	
	2
	-0.05
	0.26
	-0.01
	0.10

	
	
	4
	-0.06
	0.16
	-0.01
	0.06

	30
	24
	1
	-0.13
	0.70
	-0.04
	0.30

	
	
	2
	-0.08
	0.52
	-0.02
	0.22

	
	
	4
	-0.12
	0.28
	-0.04
	0.12

	
	48
	1
	-0.08
	0.51
	-0.03
	0.21

	
	
	2
	-0.08
	0.37
	-0.03
	0.15

	
	
	4
	-0.08
	0.22
	-0.02
	0.10

	
	132
	1
	-0.04
	0.32
	-0.02
	0.13

	
	
	2
	-0.05
	0.23
	-0.01
	0.09

	
	
	4
	-0.04
	0.14
	-0.01
	0.06

	60
	24
	1
	-0.12
	0.70
	-0.05
	0.29

	
	
	2
	-0.08
	0.51
	-0.03
	0.22

	
	
	4
	-0.04
	0.37
	-0.01
	0.15

	
	64
	1
	-0.07
	0.45
	-0.02
	0.18

	
	
	2
	-0.04
	0.31
	-0.02
	0.13

	
	
	4
	0.00
	0.24
	0.00
	0.10

	
	132
	1
	-0.04
	0.32
	-0.02
	0.12

	
	
	2
	-0.03
	0.22
	-0.01
	0.09

	
	
	4
	-0.01
	0.16
	0.00
	0.07

	Note1: PRS_LenthPerSlot = (DL_PRS_NumSymbols x DL_PRS_ResourceRepetitionFactor) /DL_PRS_CombSizeN



Table 2. Simulation results for TDL-D channel
	SCS (kHz)
	BW (RB)
	PRS_Lenth
PerSlot
	PRS-RSRP
Accuracy [5%, 95%] (dB), SINR = -3dB
	PRS-RSRPP
Accuracy [5%, 95%] (dB), SINR = -3dB

	15
	24
	1
	-0.41 
	0.50 
	-0.17 
	0.20 

	
	
	2
	-0.34 
	0.33 
	-0.13 
	0.14 

	
	
	4
	-0.31 
	0.18 
	-0.12 
	0.07 

	
	52
	1
	-0.29 
	0.32 
	-0.12 
	0.14 

	
	
	2
	-0.22 
	0.24 
	-0.10 
	0.11 

	
	
	4
	-0.15 
	0.17 
	-0.06 
	0.08 

	
	104
	1
	-0.21 
	0.22 
	-0.09 
	0.10 

	
	
	2
	-0.16 
	0.15 
	-0.07 
	0.07 

	
	
	4
	-0.06 
	0.15 
	-0.02 
	0.06 

	30
	24
	1
	-0.45 
	0.48 
	-0.21 
	0.22 

	
	
	2
	-0.30 
	0.33 
	-0.13 
	0.15 

	
	
	4
	-0.25 
	0.18 
	-0.11 
	0.08 

	
	48
	1
	-0.31 
	0.37 
	-0.12 
	0.16 

	
	
	2
	-0.22 
	0.23 
	-0.10 
	0.10 

	
	
	4
	-0.15 
	0.16 
	-0.07 
	0.06 

	
	132
	1
	-0.20 
	0.21 
	-0.08 
	0.09 

	
	
	2
	-0.14 
	0.13 
	-0.05 
	0.06 

	
	
	4
	-0.09 
	0.10 
	-0.04 
	0.04 

	60
	24
	1
	-0.39 
	0.50 
	-0.16 
	0.21 

	
	
	2
	-0.30 
	0.33 
	-0.12 
	0.14 

	
	
	4
	-0.23 
	0.21 
	-0.09 
	0.10 

	
	64
	1
	-0.26 
	0.28 
	-0.09 
	0.13 

	
	
	2
	-0.20 
	0.21 
	-0.08 
	0.09 

	
	
	4
	-0.14 
	0.15 
	-0.06 
	0.06 

	
	132
	1
	-0.20 
	0.21 
	-0.08 
	0.09 

	
	
	2
	-0.14 
	0.15 
	-0.05 
	0.06 

	
	
	4
	-0.10 
	0.10 
	-0.04 
	0.04 

	Note1: PRS_LenthPerSlot = (DL_PRS_NumSymbols x DL_PRS_ResourceRepetitionFactor) /DL_PRS_CombSizeN



3. Summary

[bookmark: _Hlk23953093]Proposal 1: The LOS channel model (i.e., TDL-D) should be considered for first path PRS-RSRP measurement accuracy requirements.
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5. Appendix
Simulation assumptions for first path PRR-RSRP measurement
Table 1: General parameters
	Parameter
	Value

	
	FR1
	FR2

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

	Network synchronization
	•	Synchronous with time shifts <0, 0, 3 us>
•	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
· 15 kHz
· FDD, TDD
· 4 GHz
· 30 kHz
· FDD, TDD
	· 40 GHz
· 120 kHz
· TDD

	Propagation conditions [TS 38.101-4]
	AWGN,  
TDL-D (30 ns delay spread, 5Hz)
	AWGN,
TDL-D (30 ns delay spread, 5Hz)

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

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

	UE measurement bandwidth
	Full carrier bandwidth

	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 muting
	No muting, muting (comb-2) 

	Power boosting
	No power boosting

	ExpectedRSTD-UncertaintyNOTE 2
	5 us (15 kHz), 2.5 us (30 kHz), 0.625 us (120 kHz)

	NOTE 1: nr-DL-PRS-ReferenceInfo is a member of NR-DL-PRS-AssistanceData which is a common NR positioning IE applicable to all positioning methods (see clause 6.4.3 of TS 37.355).
NOTE 2: nr-DL-PRS-expectedRSTD-uncerainty is a member of NR-DL-PRS-AssistanceData which is a common NR positioning IE applicable to all positioning methods (see clause 6.4.3 of TS 37.355).


Table 2: PRS transmission configuration parameters
	Parameter
	Value

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	Sample rate (Tc) 

	
	15
	24
	4
	256

	
	
	52
	1
	128

	
	
	104
	1
	64

	
	30
	24
	4
	128

	
	
	48
	1
	64

	
	
	132
	1
	32

	
	60, FR1
	24
	4
	64

	
	
	64
	1
	32

	
	
	132
	1
	16

	
	60, FR2
	24
	4
	64

	
	
	64
	1
	32

	
	
	132
	1
	16

	
	120
	32
	4
	32

	
	
	64
	1
	16

	
	
	128
	1
	8

	PRS comb size
	4

	PRS symbol size
	4

	PRS periodicity
	40ms

	Sample number
	1, 2, 4

	Note: Repetition 4 is achieved by PRS in 4 consecutive slots with PRS-ResourceTimeGap=1.



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

