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Introduction
RAN4#109 closed the core part of the Rel. 18 WI related to bandwidth aggregation for positioning measurements. The agreements reached in the meeting are captured in the WF document [1]. In this contribution we present our view on the performance requirement for positioning measurements based on bandwidth aggregation. Issues related to test cases are also discussed.
Discussion
Accuracy requirements for PRS-RSRP and PRS-RSRPP
In the last RAN1 meeting PRS-RSRP and PRS-RSRPP measurements based on bandwidth aggregation have been agreed. The agreement from RAN1#115 is copied below for reference.
Agreement (RAN1#115)
If the UE/gNB reports aggregated timing measurement, the single reported RSRP/RSRPP (if reported) is based on aggregated PRS/SRS resources across aggregated PFLs/carriers.
· Note1: it is up to RAN4 whether to define a corresponding requirement.
· Note2: for UL, measured SRS signals refer to aggregated SRS resources. For DL, measured PRS signals refer to aggregated PRS resources.
 
Based on the RAN1 agreement it can be observed that when the UE reports aggregated timing measurements, such as RSTD and UE Rx-Tx measurement, and also reports the PRS-RSRP and PRS-RSRPP measurements, then the reported PRS-RSRP and PRS-RSRPP measurements are based on aggregated PRS/SRS resources across aggregated PFLs/carriers.
Observation 1: When UE reports aggregated timing measurement, the single reported RSRP/RSRPP is based on the aggregated PRS resources across aggregated PFLs/carriers.
Observation 2: Simulation assumptions agreed for bandwidth aggregation for positioning measurements does not consider PRS-RSRP and PRS-RSRPP measurements.
Proposal 1: RAN4 to define accuracy requirements for PRS-RSRP and PRS-RSRPP measurements based on bandwidth aggregation. 
Proposal 2: PRS-RSRPP accuracy requirement is defined for Two-tap channel model and AWGN channel model.

Accuracy requirement for RSTD and UE Rx-Tx measurements
PRS measurement accuracy requirement in the existing specification is defined for the case when the UE performs measurement on PRS resources on a single PFL. For bandwidth aggregation based PRS measurements the corresponding performance requirements therefore needs to be defined. 
One of the ways to further discussion on performance requirements for PRS measurements in RAN4 is to address the scenario where the UE is performing RSTD measurement by aggregating the resources from multiple PFLs, in particular the scenario where the number of PFLs from which the PRS resources aggregated by the UE is not the same such that the number of PFLs of reference TRP aggregated and the number of PFLs of target TRP aggregated is not the same. One of the impacts when the number of PFLs in reference and target TRPs is not same, the corresponding bandwidth of the PRS being measured by the UE is different. The corresponding accuracy requirement therefore needs to be defined. One approach that can be considered to resolve this issue is by clarifying that when UE performs RSTD measurement by aggregating PRS resources from different PFL groups, for the scenario where the number of aggregated PFLs in reference and target TRPs is not the same, the RSTD accuracy to be met by the UE is the accuracy corresponding to the largest accuracy value among different PFL groups.
Proposal 3: When UE performs RSTD measurement by aggregating PRS resources from different PFL groups, for the scenario where the number of aggregated PFLs in reference and target TRPs is not the same, the RSTD accuracy to be met by the UE is the accuracy corresponding to the largest accuracy value among different PFL groups.
The other aspects that need to be addressed by RAN4 is related to the applicability of margin values for bandwidth aggregation based PRS measurements. For example, RSTD measurement accuracy requirement based on single PFL is defined as a sum of Y, Z, Δ and estimation accuracy and the accuracy requirement for UE Rx-Tx measurement based on single PFL is defined as a sum of  and estimation accuracy. The applicability of these margin values is defined based on the bandwidth of PRS being measured by the UE for positioning and therefore can be extended to the PRS measurements performed by aggregating resources from multiple PFLs.
Observation 3: Accuracy requirement for RSTD measurement based on single PFL is defined as a sum of Y, Z, Δ and estimation accuracy.
Observation 4: Applicability of Y, Z, and Δ are limited to single PFL RSTD measurement.
Observation 5: Accuracy requirement for UE Rx-Tx measurement based on single PFL is defined as a sum of  and estimation accuracy.
Observation 6: Applicability of  for UE Rx-Tx time difference measurement is limited to single PFL measurement. 
Proposal 4: Applicability of Y, Z (defined in Table 10.1.23.2-5 for FR1 and Table 10.1.23.2-6 for FR2), and Δ (defined in Table 10.1.23.2-5a for FR1 and Table 10.1.23.2-6a for FR2) values are extended to bandwidth aggregation based RSTD measurement.
Proposal 5: Applicability of  values in tables 10.1.25.2-5 and 10.1.25.2-6 is extended to bandwidth aggregation-based UE Rx-Tx time difference measurement.

Test cases
Bandwidth aggregation based RSTD and UE Rx-Tx time difference measurements are new positioning measurements. Since these measurements are new and the existing test cases are not designed for PRS measurements by aggregating resources. RAN4 should therefore define new test cases to validate UE capability to perform positioning measurements based on bandwidth aggregation. As noted in one of the previous sections, it is our view that for PRS-RSRP and PRS-RSRPP measurements based on bandwidth aggregation it is enough to only define test cases to validate the corresponding measurement accuracies.
Proposal 6: Define test cases for measurement delay and measurement accuracy validation for bandwidth aggregation based RSTD and UE Rx-Tx measurements.
Proposal 7: Define test cases only for measurement accuracy validation for bandwidth aggregation based PRS-RSRP and PRS-RSRPP measurements.
Accuracy requirement 
RAN4#109 agreed on simulation assumptions for PRS aggregation. Detailed simulation results are submitted in our companion paper R4-2402691. In the annex of this contribution, simulation results from Ericsson are summarized and is therefore proposed to be considered while accuracy requirement for PRS aggregation is being derived.

Summary
In this contribution issues related to accuracy requirements for PRS-RSRP, PRS-RSRPP, RSTD, and UE Rx-Tx time difference measurements are discussed. In addition, test cases for bandwidth aggregation based positioning measurements are also discussed. The discussion presented in this paper are summarized by the observations and proposals below.

Observation 1: When UE reports aggregated timing measurement, the single reported RSRP/RSRPP is based on the aggregated PRS resources across aggregated PFLs/carriers.
Observation 2: Simulation assumptions agreed for bandwidth aggregation for positioning measurements does not consider PRS-RSRP and PRS-RSRPP measurements.
Proposal 1: RAN4 to define accuracy requirements for PRS-RSRP and PRS-RSRPP measurements based on bandwidth aggregation. 
Proposal 2: PRS-RSRPP accuracy requirement is defined for Two-tap channel model and AWGN channel model.
Observation 3: Accuracy requirement for RSTD measurement based on single PFL is defined as a sum of Y, Z, Δ and estimation accuracy.
Observation 4: Applicability of Y, Z, and Δ are limited to single PFL RSTD measurement.
Observation 5: Accuracy requirement for UE Rx-Tx measurement based on single PFL is defined as a sum of  and estimation accuracy.
Observation 6: Applicability of  for UE Rx-Tx time difference measurement is limited to single PFL measurement.
Proposal 3: When UE performs RSTD measurement by aggregating PRS resources from different PFL groups, for the scenario where the number of aggregated PFLs in reference and target TRPs is not the same, the RSTD accuracy to be met by the UE is the accuracy corresponding to the largest accuracy value among different PFL groups. 
Proposal 4: Applicability of Y, Z (defined in Table 10.1.23.2-5 for FR1 and Table 10.1.23.2-6 for FR2), and Δ (defined in Table 10.1.23.2-5a for FR1 and Table 10.1.23.2-6a for FR2) values are extended to bandwidth aggregation based RSTD measurement.
Proposal 5: Applicability of  values in tables 10.1.25.2-5 and 10.1.25.2-6 is extended to bandwidth aggregation-based UE Rx-Tx time difference measurement.
Proposal 6: Define test cases for measurement delay and measurement accuracy validation for bandwidth aggregation based RSTD and UE Rx-Tx measurements.
Proposal 7: Define test cases only for measurement accuracy validation for bandwidth aggregation based PRS-RSRP and PRS-RSRPP measurements.
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Annex

Table 1. 2 PFLs, FR1, (-3, -6)dB, 1 sample, AWGN.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSTD error (Tc)
	95%-ile RSTD error (Tc)

	15
	104
	-0.86
	0.89

	30
	132
	-0.33
	0.36

	
	272
	-0.11
	0.11

	60
	64
	-0.55
	0.60

	
	132
	-0.18
	0.17





Table 2. 3 PFLs, FR1, (-3, -6)dB, 1 sample, AWGN.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSTD error (Tc)
	95%-ile RSTD error (Tc)

	15
	104
	-0.62
	0.61

	30
	132
	-0.17
	0.16

	
	272
	-0.05
	0.05

	60
	64
	-0.28
	0.28

	
	132
	-0.08
	0.09



Table 3. 2 PFLs, FR1, (-6, -13)dB, 4 samples, TDL-A.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSTD error (Tc)
	95%-ile RSTD error (Tc)

	15
	104
	-6.04
	7.49

	30
	132
	-8.12
	7.87

	
	272
	-23.43
	7.20

	60
	64
	-8.21
	7.92

	
	132
	-20.50
	6.32



Table 4. 3 PFLs, FR1, (-6, -13)dB, 4 samples, TDL-A.
	SCS (kHz)
	PRS Bandwidth (RB)
	5%-ile RSTD error (Tc)
	95%-ile RSTD error (Tc)

	15
	104
	-8.36
	9.32

	30
	132
	-24.37
	6.22

	
	272
	-23.75
	12.27

	60
	64
	-23.25
	5.84

	
	132
	-23.61
	1.54
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