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Introduction
Measurement accuracy for PRS-RSRPP are discussed in RAN4#103-e, and the outcomes are captured in WF [1], and the following are agreed.
	Issue 4-4-1: Need for PRS-RSRPP measurement accuracy 
Agreements:
· PRS-RSRPP measurement accuracy requirements need to be defined.
Issue 4-4-2: Conditions/scenarios for PRS-RSRPP measurement accuracy 
Agreements:
· RAN4 to conduct link level simulations to evaluate the baseband performance of PRS-RSRPP measurement.


The simulation assumption are approved in [2]. In this paper we will provide our simulation results for PRS-RSRPP measurement performance.
 Discussion
Ideal PRS-RSRPP
To evaluate the measurement performance of PRS-RSRPP, PRS-RSRPP error is defined as 
estimated PRS-RSRPP – ideal PRS-RSRPP
The ideal PRS-RSRPP is based on perfect channel knowledge and perfect knowledge of the first path TOA.
Based on the definition of PRS-RSRPP in 38.215, PRS-RSRPP is the power of the channel response at the i-th path of the RE. As the channel response is in time domain, how it translates into a power on RE level in frequency domain needs to clarified, otherwise the simulated PRS-RSRPP error from different companies are not comparable (as different companies may have different ideal values). 
	Definition
	DL PRS reference signal received path power (DL PRS-RSRPP), is defined as the power of the linear average of the channel response at the i-th path delay of the resource elements that carry DL PRS signal configured for the measurement, where DL PRS-RSRPP for the 1st path delay is the power contribution corresponding to the first detected path in time.

For frequency range 1, the reference point for the DL PRS-RSRPP shall be the antenna connector of the UE. For frequency range 2, DL PRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE


In RAN4#103-e, we proposed to define the ideal PRS-RSRPP for the p-th path as 

where  is the channel response in frequency domain for the k-th RE,  is the delay of the p-th path. 
The physical meaning of the calculation is that channel response at the p-th path delay on a resource element corresponds to the response on the resource element of a shifted version of the channel where the i-th path delay is shifted to 0. 
In last meeting, some companies commented that IFFT size is up to UE implementation, so it should not be used in the definition of the ideal PRS-RSRPP. We would like to note that  and  in the formula are corresponding to each other, i.e.  is the sample number/index for the ideal TOA corresponding to the IFFT size , so e.g. if  = 5 when UE is assuming IFFT size 512, then  = 10 when UE is assuming IFFT size 1024. We suggest to use this formula to define the ideal PRS-RSRPP given the ideal channel  and ideal TOA of the path . 
Proposal 1: RAN4 to use the following formula to define ideal PRS-RSRPP. 

where  is the channel response in frequency domain for the k-th resource element,  is the delay of the p-th path. 
In particular, for the two tap static channel as agreed in [2], as the distance between the two paths is quite large (450ns), there is almost no inter-path component when estimating the path power. Using the above formula, the ideal PRS-RSRPP would be fixed as 0.5.
Proposal 2: For the two tap static channel as agreed in [2] the ideal PRS-RSRPP is 0.5.
Simulation results
In this section we provide simulation results based on [2]. Table 1 lists the PRS-RSRPP error for 4-sample measurement, Table 2 for 1-sample.
Table 1: PRS-RSRPP error for 4-sample, Es/Iot of (-6, -13, -13)dB
	Parameter
	Value
	PRS-RSRPP error

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	5%
	50%
	95%

	
	15
	24
	4
	-6.5
	-3.5
	2.9

	
	
	52
	1
	-3.1
	-2.3
	2.5

	
	
	104
	1
	-2.2
	-1.5
	1.8

	
	30
	24
	4
	-6.3
	-2.7
	2.9

	
	
	48
	1
	-4.0
	-1.5
	2.6

	
	
	132
	1
	-3.2
	-1.5
	2.5

	
	60, FR1
	24
	4
	-5.8
	-3.0
	2.8

	
	
	64
	1
	-3.7
	-1.0
	2.4

	
	
	132
	1
	-3.0
	-1.5
	2.3

	
	60, FR2
	24
	4
	-5.8
	-3.0
	2.8

	
	
	64
	1
	-3.7
	-1.0
	2.4

	
	
	132
	1
	-3.0
	-1.5
	2.3

	
	120
	32
	4
	-5.3
	-3.0
	2.3

	
	
	64
	1
	-2.6
	-1.0
	1.6

	
	
	128
	1
	-2.3
	-1.5
	1.5



Table 2: PRS-RSRPP error for 1-sample, Es/Iot of (-3, -6, -6)dB
	Parameter
	Value
	PRS-RSRPP error

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	5%
	50%
	95%

	
	15
	24
	4
	-6.0
	-2.5
	2.1

	
	
	52
	1
	-3.2
	-1.5
	2.6

	
	
	104
	1
	-2.3
	-1.0
	1.6

	
	30
	24
	4
	-6.1
	-3.5
	2.1

	
	
	48
	1
	-2.4
	-1.4
	1.6

	
	
	132
	1
	-2.1
	-1.0
	1.4

	
	60, FR1
	24
	4
	-5.5
	-3.0
	2.0

	
	
	64
	1
	-2.3
	-1.0
	1.4

	
	
	132
	1
	-2.0
	-1.5
	1.3

	
	60, FR2
	24
	4
	-5.5
	-3.0
	2.0

	
	
	64
	1
	-2.3
	-1.0
	1.4

	
	
	132
	1
	-2.0
	-1.5
	1.3

	
	120
	32
	4
	-5.0
	-3.0
	1.9

	
	
	64
	1
	-2.4
	-1.0
	1.5

	
	
	128
	1
	-2.1
	-1.5
	1.2



Proposal 3: Take the simulation results in Table 1 and Table 2 for deriving the PRS-RSRPP accuracy.
Conclusions
In this paper we provided our simulation results for PRS-RSRPP measurement performance.
Proposal 1: RAN4 to use the following formula to define ideal PRS-RSRPP. 

where  is the channel response in frequency domain for the k-th resource element,  is the delay of the p-th path. 
Proposal 2: For the two tap static channel as agreed in [2] the ideal PRS-RSRPP is 0.5.
Proposal 3: Take the simulation results in Table 1 and Table 2 for deriving the PRS-RSRPP accuracy.
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