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Introduction
A LS [1] was sent form RAN1 to RAN4 regarding reducing the number of samples in PRS measurement period requirements for the purpose of latency reduction.
	1. Overall Description:
RAN1#105-e reached the following agreement regarding reducing the number of samples in PRS measurement period requirements for the purpose of latency reduction for DL and DL+UL positioning methods.

	Agreement:
M-sample (1<=M<4) PRS processing corresponding to measurements performed within M instances of the DL PRS resource set on a PRS resource, subject to UE capability, is beneficial from a RAN1 perspective for latency reduction.
· One sample corresponds to one instance
· Send an LS to RAN4 informing that
· M-sample (1<=M<4) measurements corresponding to measurements performed within M (1<=M<4) instances of the DL PRS resource set on a PRS resource are beneficial for reduction of measurement latency from RAN1 point of view.
· RAN4 is requested to check the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set and identify the impact on requirements/side condition.
· RAN1 to further study at least the following aspects for allowing M-sample (1<=M<4) PRS processing
· Details of UE capability
· Signaling details, e.g., to indicate whether measurement is based on one or more samples
· Whether the PRS sample processing time is defined and the relation with (N, T).
· Note: This may have RAN4 dependency




2. Actions:
To RAN4
ACTION: 	RAN1 respectfully requests RAN4 to check the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set and identify the impact on requirements/side condition.

3. Date of Next TSG-RAN WG1 Meetings:
TSG-RAN WG1 Meeting #106-e	16 – 27 August 2021		E-Meeting
TSG-RAN WG1 Meeting #106bis-e	11 – 19 October 2021		E-Meeting
TSG-RAN WG1 Meeting #107-e	11 – 19 November 2021	E-Meeting


In this paper, we provide simulation results for UE Rx-Tx time difference measurement accuracy、PRS RSTD measurement accuracy and PRS-RSRP measurement accuracy according to different sample numbers based on simulation assumption in [2] 、[3] and [3]. Finally we propose a Reply LS.
[bookmark: OLE_LINK5]Discussion
UE Rx-Tx time difference 
Simulation results for UE Rx-Tx time difference measurement accuracy are provided in Table 1 and 2 for AWGN channel and Fading channel respectively. The value of sample number is 1, 2 or 4 and Es/Iot is -6dB or -13dB. 
Table 1. Simulation results for AWGN channel
	FR
	BW (RB)
	SCS (kHz)
	PRS_Lenth
PerSlot
	Accuracy [90%] (Tc), SINR = -6dB
	Accuracy [90%] (Tc), SINR = -13dB

	
	
	
	
	Sample =1
	Sample =2
	Sample =4
	Difference between sample=1 and sample=4
	Difference between sample=2 and sample=4
	Sample =1
	Sample =2
	Sample =4
	Difference between sample=1 and sample=4
	Difference between sample=2 and sample=4

	FR1
	24

	15
	1
	151.7 
	152.3 
	65.5 
	-86.2 
	-86.8 
	257.5 
	249.9 
	109.8 
	-147.7 
	-140.1 

	
	
	
	4
	147.2 
	147.5 
	61.6 
	-85.6 
	-85.9 
	154.0 
	154.5 
	68.2 
	-85.8 
	-86.3 

	
	52
	15
	1
	66.5 
	66.3 
	64.2 
	-2.3 
	-2.1 
	78.2 
	77.5 
	73.3 
	-4.9 
	-4.2 

	
	
	
	4
	62.1 
	62.1 
	61.2 
	-0.9 
	-0.9 
	67.5 
	67.4 
	64.9 
	-2.6 
	-2.5 

	
	48
	30
	1
	33.5 
	33.3 
	32.3 
	-1.2 
	-1.0 
	40.2 
	39.5 
	36.6 
	-3.6 
	-2.9 

	
	
	
	4
	31.1 
	31.1 
	30.3 
	-0.8 
	-0.8 
	33.7 
	33.5 
	32.5 
	-1.2 
	-1.0 

	
	104
	15
	1
	31.9 
	32.0 
	31.2 
	-0.7 
	-0.8 
	35.9 
	35.7 
	33.9 
	-2.0 
	-1.8 

	
	
	
	4
	30.4 
	30.4 
	30.1 
	-0.3 
	-0.3 
	32.2 
	32.2 
	31.4 
	-0.8 
	-0.8 

	
	132
	30
	1
	15.4 
	15.4 
	15.1 
	-0.3 
	-0.3 
	16.8 
	16.7 
	16.2 
	-0.6 
	-0.5 

	
	
	
	4
	15.0 
	15.0 
	14.9 
	-0.1 
	-0.1 
	15.5 
	15.5 
	15.3 
	-0.2 
	-0.2 

	
	268
	15
	1
	15.1 
	15.1 
	14.9 
	-0.2 
	-0.2 
	16.0 
	15.9 
	15.5 
	-0.5 
	-0.4 

	
	
	
	4
	14.7 
	14.7 
	14.7 
	0.0 
	0.0 
	15.2 
	15.2 
	15.0 
	-0.2 
	-0.2 

	
	272
	30
	1
	7.5 
	7.5 
	7.4 
	-0.1 
	-0.1 
	7.9 
	7.9 
	7.7 
	-0.2 
	-0.2 

	
	
	
	4
	7.4 
	7.4 
	7.3 
	-0.1 
	-0.1 
	7.6 
	7.5 
	7.5 
	-0.1 
	0.0 

	
	24
	60
	1
	31.9 
	35.2 
	33.6 
	1.7 
	-1.6 
	54.8
	42.7
	39.0 
	-15.8 
	-3.7 

	
	
	
	4
	31.9 
	31.9 
	31.0 
	-0.9 
	-0.9 
	35.8
	35.7
	33.9 
	-1.9 
	-1.8 

	
	64
	60
	1
	16.0
	15.9
	15.6
	-0.4 
	-0.3 
	18.0
	17.9
	17.0 
	-1.0 
	-0.9 

	
	
	
	4
	15.2 
	15.2
	15.0
	-0.2 
	-0.2 
	15.9
	15.9
	15.6 
	-0.3 
	-0.3 

	
	132
	60
	1
	7.7 
	7.7
	7.6 
	-0.1 
	-0.1 
	8.4
	8.3
	8.1 
	-0.3 
	-0.2 

	
	
	
	4
	7.4 
	7.4
	7.4 
	0.0 
	0.0 
	7.8
	7.8
	7.7 
	-0.1 
	-0.1 

	FR2
	24

	60
	1
	35.3 
	35.2 
	33.6
	-1.7 
	-1.6 
	54.8
	42.7
	39.0 
	-15.8 
	-3.7 

	
	
	
	4
	31.9 
	31.9
	31.0
	-0.9 
	-0.9 
	36.3
	35.7
	33.9 
	-2.4 
	-1.8 

	
	64
	60
	1
	16.0 
	16.0
	15.6 
	-0.4 
	-0.4 
	18.0
	17.9
	17.0 
	-1.0 
	-0.9 

	
	
	
	4
	15.2 
	15.2 
	15.0 
	-0.2 
	-0.2 
	16.4
	15.9
	15.6 
	-0.8 
	-0.3 

	
	132
	60
	1
	7.7
	7.7
	7.6 
	-0.1 
	-0.1 
	8.4
	8.3
	8.1 
	-0.3 
	-0.2 

	
	
	
	4
	7.4 
	7.4
	7.4
	0.0 
	0.0 
	7.9
	7.8
	7.7 
	-0.2 
	-0.1 

	
	24
	120
	1
	16.0 
	16.0 
	15.9 
	-0.1 
	-0.1 
	18.4 
	17.7 
	17.4 
	-1.0 
	-0.3 

	
	
	
	4
	16.5 
	16.5 
	16.0 
	-0.5 
	-0.5 
	19.5 
	19.1 
	17.9 
	-1.6 
	-1.2 

	
	32
	120
	1
	16.5 
	16.5 
	16.0 
	-0.5 
	-0.5 
	19.5 
	19.1 
	17.9 
	-1.6 
	-1.2 

	
	
	
	4
	15.5 
	15.5 
	15.3 
	-0.2 
	-0.2 
	16.6 
	16.8 
	16.4 
	-0.2 
	-0.4 

	
	64
	120
	1
	8.0 
	8.0 
	7.8 
	-0.2 
	-0.2 
	9.2 
	8.9 
	8.6 
	-0.6 
	-0.3 

	
	
	
	4
	7.6 
	7.6 
	7.5 
	-0.1 
	-0.1 
	8.1 
	8.0 
	7.8 
	-0.3 
	-0.2 

	
	128
	120
	1
	3.9 
	3.9 
	3.8 
	-0.1 
	-0.1 
	4.3 
	4.3 
	4.1 
	-0.2 
	-0.2 

	
	
	
	4
	3.7 
	3.7 
	3.7 
	0.0 
	0.0 
	3.9 
	3.9 
	3.8 
	-0.1 
	-0.1 

	Note1: PRS_LenthPerSlot = (DL_PRS_NumSymbols x DL_PRS_ResourceRepetitionFactor) /DL_PRS_CombSizeN



Table 2. Simulation results for Fading channel
	FR
	BW (RB)
	SCS (kHz)
	PRS_Lenth
PerSlot
	Accuracy [90%] (Tc), SINR = -6dB
	Accuracy [90%] (Tc), SINR = -13dB

	
	
	
	
	Sample =1
	Sample =2
	Sample =4
	Difference between sample=1 and sample=4
	Difference between sample=2 and sample=4
	Sample =1
	Sample =2
	Sample =4
	Difference between sample=1 and sample=4
	Difference between sample=2 and sample=4

	FR1
TDL-A
	24

	15
	1
	419.7
	247.8
	156.7
	-263.0 
	-91.1 
	7572.8 
	3984.1
	667.7 
	-6905.1 
	-3316.4 

	
	
	
	4
	267.2 
	158.2
	153.2
	-114.0 
	-5.0 
	4651.6 
	259.4
	191.5 
	-4460.1 
	-67.9 

	
	52
	15
	1
	189.8 
	124.8 
	102.6 
	-87.2 
	-22.2 
	5411.5 
	129.0
	114.3 
	-5297.2 
	-14.7 

	
	
	
	4
	191.4
	122.6 
	102.9 
	-88.5 
	-19.7 
	190.9 
	121.3
	105.2 
	-85.7 
	-16.1 

	
	48
	30
	1
	126.3
	116.9 
	94.6 
	-31.7 
	-22.3 
	2613.0 
	122.0
	103.6 
	-2509.4 
	-18.4 

	
	
	
	4
	125.6 
	116.1 
	94.9 
	-30.7 
	-21.2 
	126.8 
	117.0
	97.0 
	-29.8 
	-20.0 

	
	104
	15
	1
	125.6
	116.7 
	94.5 
	-31.1 
	-22.2 
	741.8 
	118.3
	93.1 
	-648.7 
	-25.2 

	
	
	
	4
	123.8 
	116.4 
	91.7 
	-32.1 
	-24.7 
	125.3 
	117.1
	86.8 
	-38.5 
	-30.3 

	
	132
	30
	1
	106.0 
	49.8 
	48.3 
	-57.7 
	-1.5 
	550.6 
	51.3
	49.2 
	-501.4 
	-2.1 

	
	
	
	4
	60.5 
	49.6 
	48.1 
	-12.4 
	-1.5 
	105.3 
	49.7
	48.4 
	-56.9 
	-1.3 

	
	268
	15
	1
	86.2
	49.4 
	48.1 
	-38.1 
	-1.3 
	107.7 
	50.1
	48.5 
	-59.2 
	-1.6 

	
	
	
	4
	56.0
	49.2 
	48.0 
	-8.0 
	-1.2 
	106.2 
	49.4
	48.0 
	-58.2 
	-1.4 

	
	272
	30
	1
	42.4
	40.4 
	37.6 
	-4.8 
	-2.8 
	42.7 
	40.9
	39.0 
	-3.7 
	-1.9 

	
	
	
	4
	42.2 
	40.6 
	37.3 
	-4.9 
	-3.3 
	42.3 
	40.7
	39.0 
	-3.3 
	-1.7 

	
	24
	60
	1
	127.7 
	116.2 
	97.9 
	-29.8 
	-18.3 
	1742.7
	1043.5
	107.6 
	-1635.1 
	-935.9 

	
	
	
	4
	126.5 
	119.0 
	92.1 
	-34.4 
	-26.9 
	282.8
	118.8
	100.8 
	-182.0 
	-18.0 

	
	64
	60
	1
	90.0
	50.9 
	49.0 
	-41.0 
	-1.9 
	1201.9
	52.9
	50.7 
	-1151.2 
	-2.2 

	
	
	
	4
	86.2
	50.0 
	48.6 
	-37.6 
	-1.4 
	103.3
	50.8
	49.1 
	-54.2 
	-1.7 

	
	132
	60
	1
	42.9
	41.1 
	37.4 
	-5.5 
	-3.7 
	43.4
	41.4
	39.2 
	-4.2 
	-2.2 

	
	
	
	4
	42.7
	40.8 
	37.5 
	-5.2 
	-3.3 
	42.9
	41.2
	38.7 
	-4.2 
	-2.5 

	FR2
TDL-C
	24

	60
	1
	127.2
	121.7 
	109.8 
	-17.4 
	-11.9 
	1669.0
	665.8
	113.4 
	-1555.6 
	-552.4 

	
	
	
	4
	124.8
	120.5 
	108.5 
	-16.3 
	-12.0 
	292.9
	118.4
	107.3 
	-185.6 
	-11.1 

	
	64
	60
	1
	88.8
	85.9 
	82.0 
	-6.8 
	-3.9 
	886.8
	87.2
	83.9 
	-802.9 
	-3.3 

	
	
	
	4
	87.7
	84.9 
	82.0 
	-5.7 
	-2.9 
	87.4
	85.7
	82.1 
	-5.3 
	-3.6 

	
	132
	60
	1
	91.2
	90.3 
	89.4 
	-1.8 
	-0.9 
	91.4
	90.5
	89.3 
	-2.1 
	-1.2 

	
	
	
	4
	90.8
	90.2 
	89.3 
	-1.5 
	-0.9 
	91.0
	90.2
	89.1 
	-1.9 
	-1.1 

	
	24
	120
	1
	94.5
	89.5 
	83.6 
	-10.9 
	-5.9 
	807.8 
	372.3 
	89.1 
	-718.7 
	-283.2 

	
	
	
	4
	91.9
	89.1 
	86.4 
	-5.5 
	-2.7 
	113.8 
	88.2 
	86.8 
	-27.0 
	-1.4 

	
	32
	120
	1
	89.0
	86.5
	82.6 
	-6.4 
	-3.9 
	723.8 
	91.1 
	84.4 
	-639.4 
	-6.7 

	
	
	
	4
	87.3 
	84.6 
	81.7 
	-5.6 
	-2.9 
	86.9 
	85.3 
	81.9 
	-5.0 
	-3.4 

	
	64
	120
	1
	90.9 
	90.3 
	89.3 
	-1.6 
	-1.0 
	411.7 
	90.7 
	89.4 
	-322.3 
	-1.3 

	
	
	
	4
	90.9 
	90.2 
	89.2 
	-1.7 
	-1.0 
	90.7 
	90.0 
	88.9 
	-1.8 
	-1.1 

	
	128
	120
	1
	83.2 
	83.1 
	81.1 
	-2.1 
	-2.0 
	83.4 
	83.4 
	81.5 
	-1.9 
	-1.9 

	
	
	
	4
	83.2 
	83.2 
	80.6 
	-2.6 
	-2.6 
	83.3 
	83.2 
	81.5 
	-1.8 
	-1.7 

	Note1: PRS_LenthPerSlot = (DL_PRS_NumSymbols x DL_PRS_ResourceRepetitionFactor) /DL_PRS_CombSizeN



In order to compare the results of 1 sample and 2 samples with 4 samples, we add four rows in Table 1 and 2. Observe the simulation, it can be seen that for AWGN channel, the UE Rx-Tx time difference measurement accuracy is not sensitive to side condition and sample numbers, except in the case of 15kHz and 24RBs. 
In addition, for Fading channel, when the side condition is -6dB, the accuracy of 1 sample and 2 samples is lower than 4 samples. Compared with 4 samples, the worst differences of 1 sample and 2 samples are 88.5Tc and 24.7Tc respectively expect the case of 24 RBs. In our opinion, there must be some sacrifice in measurement accuracy for latency reduction. It is feasible to allow 2 samples to perform UE Rx-Tx time measurement. Meanwhile, in some cases, for example, the sampling rate is larger (e.g., 64RBs and 120kHz), there is almost no difference between 1 sample or 2 samples and 4 samples. When the side condition is -13dB, compared with 4 samples, 1 sample has a significant reduction in measurement accuracy. For 2 samples, the measurement accuracy is lower than 4 samples and the worst difference is 30.3Tc except the case of 24 RBs.
Observation 1: For AWGN channel, UE Rx-Tx time difference measurement accuracy is not sensitive to side condition and sample numbers, except in the case of 15kHz and 24RBs.
Observation 2: For Fading channel, when the number of samples is 1 and the side condition is -13dB, small sampling rate will result in a significant reduction in UE Rx-Tx time difference measurement accuracy.
Observation 3: For Fading channel, when the number of samples is 1 and the side condition is -6dB, the UE Rx-Tx time difference measurement accuracy is lower than 4 samples and the worst difference is 88.5Tc except the case of 24 RBs.
[bookmark: _Hlk78964076]Observation 4: For Fading channel, when the number of samples is 2 and the side condition is -13dB, the UE Rx-Tx time difference measurement accuracy is lower than 4 samples and the worst difference is 30.3Tc except the case of 24 RBs.
Observation 5: For Fading channel, when the number of samples is 2 and the side condition is -6dB, the UE Rx-Tx time difference measurement accuracy is lower than 4 samples and the worst difference is 24.7Tc except the case of 24 RBs.
Based on the above analysis, it can be seen that when the side condition is -6dB, 2 samples is feasible to perform PRS measurement for Fading channel when the number of RBs is no less than 48. In addition, under the side condition of -13dB SINR, it is also feasible to consider 2 samples of PRS resources when the number of RBs is no less than 48. This leads to a significant latency reduction by means of decreasing number of measurement samples.
Proposal 1: Consider 2 samples when PRS RBs is no less than 48 under between the side condition of -6dB and -13dB in order to reduce latency for UE Rx-Tx time difference measurement.
PRS RSTD
Simulation results for PRS RSTD measurement accuracy are provided in Table 3 and 4 for AWGN channel and Fading channel respectively. The value of sample number is 1, 2 or 4 and Es/Iot for 3 cells (cel1 1, cell 2, cell 3) is (-6dB, -13dB, -13dB).
Table 3. Simulation results for AWGN channel
	FR
	BW (RB)
	SCS (kHz)
	PRS_Lenth
PerSlot
	Accuracy [90%] (Tc), SINR = [-6dB -13dB]

	
	
	
	
	Sample =1
	Sample =2
	Sample =4
	Difference between sample=1 and sample=4
	Difference between sample=2 and sample=4

	FR1
	24

	15
	1
	173.6 
	162.6 
	108.8 
	-64.8 
	-53.8 

	
	
	
	4
	69.8 
	70.6 
	69.5 
	-0.3 
	-1.1 

	
	52
	15
	1
	80.3 
	79.4 
	76.5 
	-3.8 
	-2.9 

	
	
	
	4
	68.9 
	68.5 
	66.5 
	-2.4 
	-2.0 

	
	48
	30
	1
	41.1 
	40.6 
	38.1 
	-3.0 
	-2.5 

	
	
	
	4
	34.4 
	34.1 
	33.8 
	-0.6 
	-0.3 

	
	104
	15
	1
	36.4 
	36.1 
	35.3 
	-1.1 
	-0.8 

	
	
	
	4
	32.3 
	32.4 
	32.0 
	-0.4 
	-0.4 

	
	132
	30
	1
	17.0 
	17.0 
	16.7 
	-0.3 
	-0.3 

	
	
	
	4
	15.5 
	15.5 
	15.4 
	-0.2 
	-0.2 

	
	268
	15
	1
	16.1 
	16.0 
	15.8 
	-0.3 
	-0.2 

	
	
	
	4
	15.3 
	15.3 
	15.2 
	-0.1 
	-0.1 

	
	272
	30
	1
	8.0 
	8.0 
	7.9 
	-0.1 
	-0.1 

	
	
	
	4
	7.6 
	7.6 
	7.5 
	-0.1 
	-0.1 

	
	24
	60
	1
	55.5 
	45.6 
	40.9 
	-14.7 
	-4.7 

	
	
	
	4
	36.6 
	36.2 
	35.2 
	-1.4 
	-1.0 

	
	64
	60
	1
	18.4 
	18.2 
	17.9 
	-0.5 
	-0.3 

	
	
	
	4
	16.2 
	16.2 
	16.0 
	-0.2 
	-0.2 

	
	132
	60
	1
	8.5 
	8.5 
	8.3 
	-0.2 
	-0.2 

	
	
	
	4
	7.9 
	7.8 
	7.8 
	-0.1 
	-0.1 

	FR2
	24

	60
	1
	55.5 
	45.6 
	40.9 
	-14.7 
	-4.7 

	
	
	
	4
	36.6 
	36.2 
	35.2 
	-1.4 
	-1.0 

	
	64
	60
	1
	18.4 
	18.2 
	17.9 
	-0.5 
	-0.3 

	
	
	
	4
	16.2 
	16.2 
	16.0 
	-0.2 
	-0.2 

	
	132
	60
	1
	8.5 
	8.5 
	8.3 
	-0.2 
	-0.2 

	
	
	
	4
	7.9 
	7.8 
	7.8 
	-0.1 
	-0.1 

	
	24
	120
	1
	28.6 
	24.1 
	21.4 
	-7.2 
	-2.8 

	
	
	
	4
	18.1 
	18.0 
	17.2 
	-0.9 
	-0.8 

	
	32
	120
	1
	20.0 
	19.6 
	19.0 
	-1.0 
	-0.7 

	
	
	
	4
	17.3 
	17.3 
	16.9 
	-0.4 
	-0.4 

	
	64
	120
	1
	9.2 
	9.1 
	8.8 
	-0.4 
	-0.3 

	
	
	
	4
	8.1 
	8.1 
	8.0 
	-0.1 
	-0.1 

	
	128
	120
	1
	4.4 
	4.4 
	4.3 
	-0.1 
	-0.1 

	
	
	
	4
	3.9 
	3.9 
	3.9 
	0.0 
	0.0 

	Note1: PRS_LenthPerSlot = (DL_PRS_NumSymbols x DL_PRS_ResourceRepetitionFactor) /DL_PRS_CombSizeN



Table 4. Simulation results for Fading channel
	FR
	BW (RB)
	SCS (kHz)
	PRS_Lenth
PerSlot
	Accuracy [90%] (Tc), SINR = [-6dB -13dB]

	
	
	
	
	Sample =1
	Sample =2
	Sample =4
	Difference between sample=1 and sample=4
	Difference between sample=2 and sample=4

	FR1
TDL-A
	24

	15
	1
	7420.0 
	3961.7 
	640.1 
	-6779.9 
	-3321.6 

	
	
	
	4
	4568.1 
	202.1 
	175.3 
	-4392.9 
	-26.8 

	
	52
	15
	1
	5409.4 
	232.0 
	150.1 
	-5259.3 
	-81.8 

	
	
	
	4
	231.2 
	184.8 
	133.8 
	-97.4 
	-51.0 

	
	48
	30
	1
	2641.6 
	146.4 
	110.8 
	-2530.8 
	-35.6 

	
	
	
	4
	143.0 
	123.2 
	102.9 
	-40.1 
	-20.2 

	
	104
	15
	1
	789.2 
	126.3 
	107.2 
	-682.0 
	-19.1 

	
	
	
	4
	121.7 
	120.5 
	104.7 
	-17.1 
	-15.9 

	
	132
	30
	1
	582.6 
	78.4 
	21.2 
	-561.4 
	-57.1 

	
	
	
	4
	72.1 
	71.7 
	20.6 
	-51.4 
	-51.1 

	
	268
	15
	1
	509.3 
	76.6 
	20.6 
	-488.7 
	-56.0 

	
	
	
	4
	68.7 
	71.3 
	19.6 
	-49.1 
	-51.6 

	
	272
	30
	1
	24.6 
	23.6 
	22.4 
	-2.2 
	-1.3 

	
	
	
	4
	24.2 
	23.6 
	22.2 
	-1.9 
	-1.4 

	
	24
	60
	1
	1767.7 
	1057.5 
	135.6 
	-1632.1 
	-921.9 

	
	
	
	4
	310.8 
	133.8 
	104.3 
	-206.5 
	-29.4 

	
	64
	60
	1
	1235.8 
	86.4 
	24.4 
	-1211.4 
	-62.0 

	
	
	
	4
	83.1 
	74.8 
	21.0 
	-62.1 
	-53.8 

	
	132
	60
	1
	42.0 
	25.5 
	22.9 
	-19.1 
	-2.6 

	
	
	
	4
	25.0 
	24.1 
	22.6 
	-2.4 
	-1.5 

	FR2
TDL-C
	24

	60
	1
	1706.3 
	689.8 
	127.4 
	-1578.9 
	-562.4 

	
	
	
	4
	343.6 
	121.7 
	104.8 
	-238.8 
	-16.9 

	
	64
	60
	1
	927.7 
	69.5 
	54.4 
	-873.3 
	-15.1 

	
	
	
	4
	70.3 
	62.2 
	50.9 
	-19.4 
	-11.4 

	
	132
	60
	1
	88.4 
	61.0 
	57.4 
	-31.0 
	-3.6 

	
	
	
	4
	60.8 
	59.5 
	57.2 
	-3.6 
	-2.3 

	
	24
	120
	1
	853.2 
	415.8 
	133.2 
	-720.0 
	-282.7 

	
	
	
	4
	170.8 
	70.5 
	61.2 
	-109.6 
	-9.3 

	
	32
	120
	1
	771.3 
	157.2 
	73.1 
	-698.2 
	-84.1 

	
	
	
	4
	106.8 
	63.3 
	55.6 
	-51.2 
	-7.8 

	
	64
	120
	1
	468.7 
	63.0 
	57.8 
	-410.8 
	-5.2 

	
	
	
	4
	62.7 
	60.8 
	57.5 
	-5.2 
	-3.3 

	
	128
	120
	1
	76.6 
	60.2 
	58.3 
	-18.3 
	-1.9 

	
	
	
	4
	59.9 
	59.8 
	58.2 
	-1.7 
	-1.6 

	Note1: PRS_LenthPerSlot = (DL_PRS_NumSymbols x DL_PRS_ResourceRepetitionFactor) /DL_PRS_CombSizeN



Similarly, in order to compare the results of 1 sample and 2 samples with 4 samples, we add four rows in Table 3 and 4. From the simulation result, it can be seen that for AWGN channel, the PRS RSTD measurement accuracy is not sensitive to side condition and sample numbers, except in the case of 15kHz and 24RBs. For Fading channel, compared with 4 samples, 1 sample has a significant reduction in measurement accuracy under most cases. For 2 samples, the overall performance is worse than 4 samples. However, in our opinion, from the perspective of latency reduction, it is feasible to allow 2 samples to perform PRS RSTD measurement except the case of 24RBs.
Observation 6: For AWGN channel, PRS RSTD measurement accuracy is not sensitive to side condition and sample numbers, except in the case of 15kHz and 24RBs.
Observation 7: For Fading channel, compared with 4 samples, 1 sample has a significant reduction in PRS RSTD measurement accuracy under most cases.
Observation 8: For 2 samples, the overall performance is worse than 4 samples in PRS RSTD measurement accuracy.
Based on the above analysis, it can be seen that when the side condition is [-6dB, -13dB], it is feasible to consider 2 samples of PRS resources when the number of RBs is no less than 48. This leads to a significant latency reduction by means of decreasing number of measurement samples.
Proposal 2: Consider 2 samples when PRS RBs is no less than 48 under the side condition of [-6dB, -13dB] for PRS RSTD measurement.
PRS-RSRP
Simulation results for PRS-RSRP measurement accuracy are provided in Table 5 and 6 for AWGN channel and Fading channel respectively. The value of sample number is 1, 2 or 4 and Es/Iot is -6dB or -13dB. 
Table 5. Simulation results for AWGN channel
	[bookmark: _Hlk79161903]FR
	BW (RB)
	SCS (kHz)
	PRS_Lenth
PerSlot
	Accuracy [90%] (dB), SINR = -6dB
	Accuracy [90%] (dB), SINR = -13dB

	
	
	
	
	Sample =1
	Sample =2
	Sample =4
	Sample =1
	Sample =2
	Sample =4

	FR1
	24

	15
	1
	1.7
	1.5
	1.5
	4.8
	4.0
	4.0

	
	
	
	4
	0.8
	0.7
	0.7
	2.4
	2.1
	2.2

	
	52
	15
	1
	1.2
	1.1
	1.1
	3.3
	3.0
	2.9

	
	
	
	4
	0.7
	0.6
	0.6
	1.8
	1.6
	1.6

	
	48
	30
	1
	1.3
	1.1
	1.1
	3.4
	3.1
	3.1

	
	
	
	4
	0.7
	0.6
	0.6
	1.9
	1.7
	1.7

	
	104
	15
	1
	0.9
	0.8
	0.8
	2.5
	2.3
	2.3

	
	
	
	4
	0.5
	0.4
	0.5
	1.3
	1.2
	1.2

	
	132
	30
	1
	0.8
	0.7
	0.7
	2.4
	2.2
	2.1

	
	
	
	4
	0.4
	0.4
	0.4
	1.2
	1.1
	1.1

	
	268
	15
	1
	0.6
	0.5
	0.5
	1.8
	1.6
	1.6

	
	
	
	4
	0.3
	0.2
	0.2
	0.9
	0.8
	0.8

	
	272
	30
	1
	0.6
	0.5
	0.5
	1.8
	1.6
	1.6

	
	
	
	4
	0.3
	0.2
	0.2
	0.9
	0.8
	0.8

	
	24
	60
	1
	1.6
	1.5
	1.6
	4.9
	4.1
	4.1

	
	
	
	4
	0.9
	0.8
	0.8
	2.4
	2.1
	2.1

	
	64
	60
	1
	1.1
	1.0
	1.0
	3.2
	2.9
	2.9

	
	
	
	4
	0.6
	0.5
	0.5
	1.7
	1.5
	1.5

	
	132
	60
	1
	0.8
	0.7
	0.7
	2.4
	2.0
	2.1

	
	
	
	4
	0.4
	0.3
	0.3
	1.2
	1.1
	1.1

	FR2
	24

	60
	1
	1.6
	1.7
	1.6
	4.9
	4.5
	4.1

	
	
	
	4
	0.9
	0.9
	0.8
	2.4
	2.5
	2.1

	
	64
	60
	1
	1.1
	1.1
	1.0
	3.2
	3.3
	2.9

	
	
	
	4
	0.6
	0.6
	0.5
	1.7
	1.8
	1.5

	
	132
	60
	1
	0.8
	0.8
	0.7
	2.4
	2.4
	2.1

	
	
	
	4
	0.4
	0.4
	0.3
	1.2
	1.3
	1.1

	
	24
	120
	1
	1.7
	1.7
	1.5
	4.9
	4.5
	4.1

	
	
	
	4
	0.9
	0.9
	0.8
	2.4
	2.5
	2.2

	
	32
	120
	1
	1.5
	1.5
	1.4
	4.9
	4.3
	3.4

	
	
	
	4
	0.8
	0.8
	0.7
	2.1
	2.2
	1.9

	
	64
	120
	1
	1.1
	1.1
	1.0
	3.0
	3.2
	2.6

	
	
	
	4
	0.6
	0.6
	0.5
	1.7
	1.8
	1.6

	
	128
	120
	1
	0.8
	0.8
	0.7
	2.4
	2.5
	2.2

	
	
	
	4
	0.4
	0.4
	0.4
	1.3
	1.3
	1.2

	Note1: PRS_LenthPerSlot = (DL_PRS_NumSymbols x DL_PRS_ResourceRepetitionFactor) /DL_PRS_CombSizeN



Table 6. Simulation results for Fading channel
	FR
	BW (RB)
	SCS (kHz)
	PRS_Lenth
PerSlot
	Accuracy [90%] (dB), SINR = -6dB
	Accuracy [90%] (dB), SINR = -13dB

	
	
	
	
	Sample =1
	Sample =2
	Sample =4
	Sample =1
	Sample =2
	Sample =4

	FR1
	24

	15
	1
	2.0
	1.1
	1.0
	5.8
	3.3
	3.7

	
	
	
	4
	1.0
	0.5
	0.5
	3.0
	1.7
	1.8

	
	52
	15
	1
	1.3
	0.8
	0.7
	4.5
	2.4
	2.4

	
	
	
	4
	0.6
	0.4
	0.4
	2.0
	1.1
	1.0

	
	48
	30
	1
	1.2
	0.8
	0.8
	4.5
	2.4
	2.6

	
	
	
	4
	0.6
	0.4
	0.4
	1.9
	1.2
	1.2

	
	104
	15
	1
	0.8
	0.5
	0.5
	2.8
	1.7
	1.7

	
	
	
	4
	0.4
	0.3
	0.2
	1.3
	0.8
	0.8

	
	132
	30
	1
	0.8
	0.5
	0.5
	2.8
	1.7
	1.5

	
	
	
	4
	0.4
	0.2
	0.2
	1.3
	0.7
	0.7

	
	268
	15
	1
	0.5
	0.3
	0.3
	2.0
	1.1
	1.1

	
	
	
	4
	0.3
	0.2
	0.2
	0.9
	0.5
	0.5

	
	272
	30
	1
	0.5
	0.3
	0.3
	1.7
	1.1
	1.1

	
	
	
	4
	0.2
	0.2
	0.2
	0.8
	0.5
	0.5

	
	24
	60
	1
	1.6
	1.0
	1.0
	5.8
	3.3
	3.6

	
	
	
	4
	0.8
	0.5
	0.5
	2.7
	1.6
	1.6

	
	64
	60
	1
	1.1
	0.7
	0.7
	4.0
	2.3
	2.2

	
	
	
	4
	0.6
	0.3
	0.3
	1.7
	1.1
	1.0

	
	132
	60
	1
	0.7
	0.5
	0.4
	2.5
	1.6
	1.6

	
	
	
	4
	0.3
	0.2
	0.2
	1.1
	0.7
	0.7

	FR2
	24

	60
	1
	1.7
	1.4
	1.1
	6.0
	5.2
	3.8

	
	
	
	4
	0.9
	0.7
	0.5
	2.7
	2.2
	1.6

	
	64
	60
	1
	1.0
	0.9
	0.7
	3.5
	2.8
	2.3

	
	
	
	4
	0.5
	0.4
	0.3
	1.5
	1.3
	1.0

	
	132
	60
	1
	0.7
	0.6
	0.5
	2.4
	2.1
	1.5

	
	
	
	4
	0.3
	0.3
	0.2
	1.1
	1.0
	0.7

	
	24
	120
	1
	1.6
	1.4
	1.0
	5.5
	5.0
	3.8

	
	
	
	4
	0.8
	0.7
	0.5
	2.6
	2.2
	1.6

	
	32
	120
	1
	1.3
	1.2
	0.9
	5.0
	4.4
	3.5

	
	
	
	4
	0.7
	0.6
	0.5
	2.2
	1.9
	1.4

	
	64
	120
	1
	1.0
	0.9
	0.7
	3.6
	2.9
	2.2

	
	
	
	4
	0.5
	0.4
	0.3
	1.5
	1.3
	1.1

	
	128
	120
	1
	0.7
	0.6
	0.5
	2.4
	2.1
	1.6

	
	
	
	4
	0.3
	0.3
	0.2
	1.1
	1.0
	0.7

	Note1: PRS_LenthPerSlot = (DL_PRS_NumSymbols x DL_PRS_ResourceRepetitionFactor) /DL_PRS_CombSizeN



From the simulation result, it can be seen that for AWGN channel, the PRS-RSRP measurement accuracy is not sensitive to side condition and sample numbers in almost all cases. For Fading channel, if the side condition is -6dB, there is no big difference between 1 sample or 2 samples and 4 samples. Meanwhile, the PRS-RSRP measurement accuracy is within 2dB in all cases. Therefore, it is totally feasible to allow 1 sample or 2 samples to perform PRS-RSRP measurement when the side condition is -6dB. In addition, the worse PRS-RSRP measurement accuracy of 1 sample、2 samples and 4 samples is 6.0dB、5.2dB and 3.8dB respectively under the side condition of -13dB. 
Observation 9: For AWGN channel, the PRS-RSRP measurement accuracy is not sensitive to side condition and sample numbers in almost all cases.
Observation 10: For Fading channel, there is no big difference between 1 sample or 2 samples and 4 samples under the side condition of -6dB in PRS-RSRP measurement accuracy.  
Observation 11: For Fading channel, the worse PRS-RSRP measurement accuracy of 1 sample、2 samples and 4 samples is 6.0dB、5.2dB and 3.8dB respectively under the side condition of -13dB in PRS-RSRP measurement accuracy. 
Based on the above analysis, it can be seen that when the side condition is -6dB, it is feasible to consider 1 sample or 2 samples of PRS resources to perform PRS-RSRP measurement. Meanwhile, it is recommendable to perform 1 sample or 2 samples PRS-RSRP measurement except the case of 24RBs under the side condition of -13dB.
Proposal 3: Consider 1 sample or 2 samples under the side condition of -6dB for PRS-RSRP measurement.
Proposal 4: Consider 2 samples when PRS RB is no less than 48 under the side condition of -13dB for PRS-RSRP measurement.
[bookmark: _Hlk79158523]It is worth mentioning that the above results do not consist of AGC margin. Therefore, in our understanding, RNA4 need to study if addition sample need to be considered for AGC margin when the number of samples only is 1 or 2.
Proposal 5: RNA4 need to study if addition sample need to be considered for AGC margin when the number of samples only is 1 or 2.
Conclusion
Observation 1: For AWGN channel, UE Rx-Tx time difference measurement accuracy is not sensitive to side condition and sample numbers, except in the case of 15kHz and 24RBs.
Observation 2: For Fading channel, when the number of samples is 1 and the side condition is -13dB, small sampling rate will result in a significant reduction in UE Rx-Tx time difference measurement accuracy.
Observation 3: For Fading channel, when the number of samples is 1 and the side condition is -6dB, the UE Rx-Tx time difference measurement accuracy is lower than 4 samples and the worst difference is 88.5Tc except the case of 24 RBs.
Observation 4: For Fading channel, when the number of samples is 2 and the side condition is -13dB, the UE Rx-Tx time difference measurement accuracy is lower than 4 samples and the worst difference is 30.3Tc except the case of 24 RBs.
Observation 5: For Fading channel, when the number of samples is 2 and the side condition is -6dB, the UE Rx-Tx time difference measurement accuracy is lower than 4 samples and the worst difference is 24.7Tc except the case of 24 RBs.
Observation 6: For AWGN channel, PRS RSTD measurement accuracy is not sensitive to side condition and sample numbers, except in the case of 15kHz and 24RBs.
Observation 7: For Fading channel, compared with 4 samples, 1 sample has a significant reduction in PRS RSTD measurement accuracy under most cases.
Observation 8: For 2 samples, the overall performance is worse than 4 samples in PRS RSTD measurement accuracy.
Observation 9: For AWGN channel, the PRS-RSRP measurement accuracy is not sensitive to side condition and sample numbers in almost all cases.
Observation 10: For Fading channel, there is no big difference between 1 sample or 2 samples and 4 samples under the side condition of -6dB in PRS-RSRP measurement accuracy.  
Observation 11: For Fading channel, the worse PRS-RSRP measurement accuracy of 1 sample、2 samples and 4 samples is 6.0dB、5.2dB and 3.8dB respectively under the side condition of -13dB in PRS-RSRP measurement accuracy. 
Proposal 1: Consider 2 samples when PRS RBs is no less than 48 under between the side condition of -6dB and -13dB in order to reduce latency for UE Rx-Tx time difference measurement.
Proposal 2: Consider 2 samples when PRS RBs is no less than 48 under the side condition of [-6dB, -13dB] for PRS RSTD measurement.
Proposal 3: Consider 1 sample or 2 samples under the side condition of -6dB for PRS-RSRP measurement.
Proposal 4: Consider 2 samples when PRS RB is no less than 48 under the side condition of -13dB for PRS-RSRP measurement.
Proposal 5: RNA4 need to study if addition sample need to be considered for AGC margin when the number of samples only is 1 or 2.
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1. Overall Description: 
RAN4 thanks RAN1 for the LS on “PRS processing samples”.
RAN4 has discussed this issue and determined the following:
· When the side condition is -6dB or -13dB, 2 samples is feasible to perform the UE Rx-Tx time difference measurement if the number of PRS RB is no less than 48.
· When the side condition is -6dB, 1 sample or 2 samples is feasible to perform the PRS-RSRP measurement.
· When the side condition is -13dB, 2 samples is feasible to perform the PRS-RSRP measurement if the number of PRS RB is no less than 48.
· When the side condition is [-6dB, -13dB], 2 samples is feasible to perform the PRS RSTD measurement if the number of PRS RB is no less than 48.
2. Actions:
To RAN WG1 group.
ACTION: 	RAN4 kindly asks RAN1 to take the above information into account in the further specification work.
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4. Date of Next TSG-RAN WG4 Meetings:
TSG RAN WG4 Meeting #101-e		November 1 - 12, 2021				Electronic Meeting
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