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1 Introduction
The RAN4#96-e agreements on RSTD measurements are summarized in the WF [1]. 
RAN4#96-e agreements [1] for RSTD:

· The exact measurement period for RSTD is captured in CR R4-2012129 or its further revision.
· If during the measurement period of one or more positioning frequency layers, MG pattern is reconfigured to enable UE to measure different DL PRS resources, the measurement period can be longer
· Measurement period requirements are defined independent of responseTime. RAN4 not to define any UE behaviour related to responseTime
Open issues from RAN4#96-e [1] for RSTD:

· Calculation of PRS sample duration
· Option 1: Based on the type (type 1 or type 2) as UE used to report {N,T} 
· Option 2: Based on Type 2. RSTD measurement period for Type 1 PRS duration calculation shall be no longer than Type 2.
· Other options are not precluded
· Multiple PRS periodicities
· Option 1: Use the maximum PRS resource periodicity among all PRS resource in a same positioning frequency layer 
· Option 2: Use the maximum PRS resource periodicity among all PRS resource among all configured PRS frequency layers.
· Measurement period extension due to SSB collision
· Option 1: RSTD measurement period to be defined for cases when PRS occasions are not dropped 
· Option 2: The RSTD measurement period can be extended to compensate for the number of PRS symbols not available at the UE due to their overlap with SSB symbols
· Option 3: The same measurement period requirement shall be met, regardless of whether some of the PRS symbols are dropped or not during this measurement period
· Measurement period when configured with PRS-RSRP
· Option 1: If RSTD is configured together with PRS-RSRP, then the measurement periods for both measurements are defined as: max(TRSTD,TPRS-RSRP), where TPRS-RSRP and TRSTD are the measurement periods for PRS-RSRP and RSTD, when configured without other measurements. 
· Option 2: RSTD measurement period is not impacted by PRS-RSRP measurement.
· Side condition for FR2
· Option 1: -3dB for reference TRP and -10 dB for neighbor TRP

· Option 2: -6dB for reference TRP and -13 dB for neighbor TRP

· Number of PRS samples or PRS repetitions for defining accuracy

· Option 1: Accuracy requirements are defined based on number of PRS samples, where each samples includes a number of PRS repetitions. Single PRS sample is assumed for accuracy requirements 
· Option 2: Accuracy requirements are defined based on the number of PRS comb patterns in time

· Other options are not precluded
· Whether accuracy requirements are agnostic to comb size

· clarify what “comb size” refers to

· Option 1: no
· Option 2: yes
· Antenna panel assumption
· Option 1: RAN4 specifies at least the RSTD accuracy requirements (+/-Y dB) under the assumption of using the same antenna panel for receiving both the reference and neighbor PRS resources. For different antenna panels within the same RSTD measurement, the RSTD accuracy can be specified as +/-Y+ ΔY dB, or there can be a note that the accuracy can be worse

· Option 2: RAN4 not to define separate accuracy requirements for RSTD measured with same panel and with different panels

· Applicable PRS BW for defining accuracy

· Option 1 : If reference and neighbor PRS resources belong to different positioning frequency layers, the minimum PRS BW of the positioning frequency layers should be used for applicability of accuracy requirements.

· Option 2: FFS
· Assumption on TRS setting for defining accuracy and test

· Option 1: add proper TRS settings in both RSTD accuracy requirements and test cases so that UE can compensate the crystal clock frequency offset by measuring TRS.

· Option 2: FFS for Performance part
· Applicable accuracy requirement in case of HO

· Option 1: Define applicable accuracy requirements for RSTD measurements under cell change, considering the cases of intra-frequency HO and inter-frequency HO, e.g. the most relaxed applies between the one before and the one after the HO.

· Option 2: Applicable accuracy requirements is not impacted by HO.

· Applicable propagation channel for accuracy requirement

· Option 1: Exclude number from simulations for TDL-C channel model with 300 ns delay spread in FR1 from consideration for defining the RSTD and UE Rx-Tx timing difference accuracy requirements.

· Option 2: Take into account number from simulations for TDL-C channel model with 300 ns delay spread in FR1 from consideration for defining the RSTD and UE Rx-Tx timing 
In this contribution, we discuss further the open issues on RSTD measurement requirements.
2 RSTD Side Conditions

The summary of the latest agreements on RSTD side conditions:
· Side conditions for FR1 PRS RSTD measurements

· Neighbor cells: PRS Es/Iot = [-13] dB (agreed in [2])
· Reference cell: PRS Es/Iot: -6 dB (agreed in [3])
· Side conditions for FR2 PRS RSTD measurements (see [3,4]):
· Option x: Same as FR1
· Option y: PRS Es/Iot = -3 dB for reference cell and PRS Es/Iot = -10 dB for neighbor cells

There is no strong justification to have more relaxed side conditions in FR2 than in FR1, given the NR scenarios in RAN1.

· Proposal 1: RSTD side conditions for neighbour and reference cell in FR2: same as for FR1.

3 The Impact of Antenna Panel on RSTD accuracy
The systematic errors related to the receive timing associated with different UE antenna panels have a very large impact on positioning measurement accuracy. In fact, when the same antenna panel is used to receive the reference PRS and the neighbor PRS, the error can be cancelled out, while the errors may add up in case different antenna panels are used for performing the same RSTD measurement.

· Proposal 2: RAN4 specifies at least the RSTD accuracy requirements under the assumption of using the same antenna panel for receiving both the reference and neighbor PRS resources. 

· Proposal 3: For different antenna panels within the same RSTD measurement, a more relaxed RSTD measurement accuracy applies.

4 Applicable RSTD Measurement Accuracy under Cell Change

In [2], the following was agreed:

· The UE shall continue RSTD measurement after each serving cell change for:

· intra-frequency handover,
· inter-frequency handover,
· In this case the RSTD measurement period shall be extended. Details are FFS.
Further, in [3] it was agreed:

· The RSTD measurement period under handover depends on the number of serving cell changes and on the handover interruption time
Similar to LTE, RAN4 still needs to define the applicable accuracy requirements for RSTD measurements when the cell change occurs. Since there is no differentiation between intra- and inter-frequency RSTD measurements and corresponding requirements in NR, the same RSTD accuracy requirements shall apply for intra-frequency HO and inter-frequency HO and regardless of the type of the cell change.
· Proposal 4: The same RSTD measurement accuracy requirements shall apply for intra-frequency HO and inter-frequency HO and regardless of the type of the cell change.

5 RSTD Measurement Accuracy
RSTD link-level simulation results were presented in [5]. Some updated simulation results are shown in Annex A in this contribution. Assuming an additional margin on the top of the simulation results and no repetitions (the measurement is based on 4 samples without repetitions), the following RSTD accuracy levels are derived below.

· Proposal 5: The RSTD accuracy requirements shall apply for any DL-PRS-ResourceRepetitionFactor≥1 and any LPRS≥2 which is given by the higher-layer parameter dl-PRS-NumSymbols.
· Proposal 6: For FR1, the RSTD measurement accuracy is as in Table 1.
· Proposal 7: For FR2, the RSTD measurement accuracy is as in Table 2.
Table 1: RSTD accuracy in FR1

	Accuracy [Tc]
	PRS BW [PRB]

	(90
	TBD ≤ BW ≤ 48

	(50
	48 < BW≤ 132

	(35
	BW >132


Table 2: RSTD accuracy in FR2
	Accuracy [Tc]
	PRS BW [PRB]

	(80
	TBD ≤ BW ≤ 32

	(40
	32 < BW≤ 64

	(30
	BW >64


6 Summary

· Proposal 1: RSTD side conditions for neighbour and reference cell in FR2: same as for FR1.

· Proposal 2: RAN4 specifies at least the RSTD accuracy requirements under the assumption of using the same antenna panel for receiving both the reference and neighbor PRS resources. 

· Proposal 3: For different antenna panels within the same RSTD measurement, a more relaxed RSTD measurement accuracy applies.

· Proposal 4: The same RSTD measurement accuracy requirements shall apply for intra-frequency HO and inter-frequency HO and regardless of the type of the cell change.

· Proposal 5: The RSTD accuracy requirements shall apply for any DL-PRS-ResourceRepetitionFactor≥1 and any LPRS≥2 which is given by the higher-layer parameter dl-PRS-NumSymbols.
· Proposal 6: For FR1, the RSTD measurement accuracy is as in Table 1:

Table 1: RSTD accuracy in FR1

	Accuracy [Tc]
	PRS BW [PRB]

	(90
	TBD ≤ BW ≤ 48

	(50
	48 < BW≤ 132

	(35
	BW >132


· Proposal 7: For FR2, the RSTD measurement accuracy is as in Table 2:

Table 2: RSTD accuracy in FR2
	Accuracy [Tc]
	PRS BW [PRB]

	(80
	TBD ≤ BW ≤ 32

	(40
	32 < BW≤ 64

	(30
	BW >64
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8 Annex A: Updated Link-Level RSTD Simulation Results
Table 1: Results for TDL-A channel model, FR1, -13 dB
	Freq

GHz
	SCS

kHz
	comb
	BW,

MHz
	Num_rep = 1
	Num_rep = 4, gap=1
	Num_rep = 16, gap=1

	
	
	
	
	Sync, 100%
	Async, 100%
	Sync, 100%
	Async, 100%
	Sync, 100%
	Async, 100%

	2
	15
	2
	10
	69,35
	64,42
	66,17
	78,93
	79,13
	74,08

	2
	15
	2
	20
	61,80
	63,65
	65,30
	49,14
	44,98
	46,07

	2
	15
	2
	50
	33,35
	34,34
	33,13
	32,74
	32,76
	32,82

	4
	30
	2
	20
	70,60
	66,13
	264,89
	119,87
	51,22
	114,37

	4
	30
	2
	50
	37,08
	37,79
	36,73
	33,17
	32,61
	32,72

	4
	30
	2
	100
	31,51
	31,03
	31,02
	30,90
	30,74
	31,05

	2
	15
	4
	10
	86,42
	141,41
	85,74
	125,01
	78,03
	91,23

	2
	15
	4
	20
	45,83
	50,92
	44,36
	47,84
	45,68
	47,48

	2
	15
	4
	50
	35,51
	33,89
	32,11
	32,80
	32,78
	32,91

	4
	30
	4
	20
	52,32
	120,15
	56,15
	116,69
	50,06
	53,14

	4
	30
	4
	50
	35,05
	34,63
	32,51
	33,42
	32,58
	32,70

	4
	30
	4
	100
	30,97
	30,55
	29,06
	30,99
	30,83
	31,20

	2
	15
	6
	10
	96,82
	91,74
	76,76
	122,54
	75,47
	85,50

	2
	15
	6
	20
	46,43
	53,70
	44,01
	48,16
	45,23
	47,76

	2
	15
	6
	50
	34,95
	33,62
	32,57
	33,11
	32,79
	32,76

	4
	30
	6
	20
	51,35
	130,91
	61,27
	116,19
	51,03
	54,05

	4
	30
	6
	50
	34,63
	33,75
	32,65
	33,08
	32,63
	32,58

	4
	30
	6
	100
	30,92
	30,23
	29,02
	30,94
	31,10
	31,14


Table 2: Results for TDL-B channel model, FR1, -13 dB
	Freq

GHz
	SCS

kHz
	comb
	BW,

MHz
	Num_rep = 1
	Num_rep = 4, gap=1
	Num_rep = 16, gap=1

	
	
	
	
	Sync, 100%
	Async, 100%
	Sync, 100%
	Async, 100%
	Sync, 100%
	Async, 100%

	2
	15
	2
	10
	118,99
	124,02
	75,91
	83,19
	63,61
	63,96

	2
	15
	2
	20
	86,70
	80,44
	70,81
	71,44
	62,80
	63,32

	2
	15
	2
	50
	51,78
	52,46
	53,63
	54,08
	56,04
	55,53

	4
	30
	2
	20
	82,72
	82,18
	74,56
	196,81
	64,56
	71,79

	4
	30
	2
	50
	50,50
	51,40
	50,85
	53,11
	53,32
	54,00

	4
	30
	2
	100
	19,38
	18,32
	8,51
	8,11
	3,99
	3,81

	2
	15
	4
	10
	101,47
	109,27
	75,14
	83,15
	63,44
	63,30

	2
	15
	4
	20
	76,65
	76,30
	70,52
	73,12
	63,16
	63,29

	2
	15
	4
	50
	48,38
	52,13
	53,27
	51,04
	55,17
	55,57

	4
	30
	4
	20
	77,94
	95,07
	74,41
	178,88
	64,70
	70,64

	4
	30
	4
	50
	51,00
	56,57
	49,07
	51,98
	52,79
	53,52

	4
	30
	4
	100
	14,70
	16,61
	8,14
	7,75
	3,68
	3,91

	2
	15
	6
	10
	103,47
	163,96
	73,65
	78,02
	64,05
	64,10

	2
	15
	6
	20
	79,10
	75,18
	70,09
	72,24
	63,18
	62,80

	2
	15
	6
	50
	46,25
	51,87
	51,58
	53,50
	55,87
	54,76

	4
	30
	6
	20
	84,29
	86,95
	74,29
	177,53
	64,50
	67,79

	4
	30
	6
	50
	50,71
	52,47
	49,24
	53,79
	52,17
	53,70

	4
	30
	6
	100
	13,65
	14,57
	7,97
	8,57
	4,07
	3,92


Table 3: Results for TDL-C channel model, FR2, -13 dB
	Freq

GHz
	SCS

kHz
	comb
	BW,

MHz
	Num_rep = 1
	Num_rep = 4, gap=1
	Num_rep = 16, gap=1

	
	
	
	
	Sync, 100%
	Async, 100%
	Sync, 100%
	Async, 100%
	Sync, 100%
	Async, 100%

	40
	120
	2
	50
	63,45
	69,91
	74,57
	
	31,91
	

	40
	120
	2
	100
	25,89
	25,86
	25,89
	26,77
	25,55
	25,67

	40
	120
	2
	200
	25,64
	25,64
	25,51
	25,68
	
	

	40
	120
	4
	50
	64,94
	71,49
	48,19
	
	30,75
	123,01

	40
	120
	4
	100
	25,74
	28,45
	25,90
	26,70
	25,68
	25,60

	40
	120
	4
	200
	25,29
	25,72
	25,15
	25,52
	
	

	40
	120
	6
	50
	40,93
	76,27
	36,93
	
	30,03
	77,00

	40
	120
	6
	100
	25,43
	26,31
	25,67
	26,55
	25,50
	25,52

	40
	120
	6
	200
	25,43
	25,62
	25,49
	25,42
	0,99
	1,01
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