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Introduction
RRM core requirements for RSTD measurements have been concluded in RAN4#96-e. During the core requirement discussion, some discussions on the accuracy requirements also took place. The latest agreements are captured in [1] which includes a number of open issues related to the side condition and accuracy for RSTD.
In this paper we will provide our views on the RSTD accuracy requirements. 
Discussion
	· 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


Based on the system level and link level simulation results, we see option 1 as more relevant for FR2. The better side condition will lead to improved accuracy performance on link level; on the other hand, on system level the number of cells above -10dB Es/Iot is sufficiently high to make positioning fix.
Proposal 1: Side condition for RSTD accuracy requirements in FR2 is PRS Es/Iot of -3 dB for reference cell and -10 dB for neighbor cells.
	· 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


The issue has been discussed in the core requirements coupling with the definition of PRS occasion (which RAN4 decided not to use in the specification) and the number of samples in measurement period. 
The PRS measurement is performed based on PRS period, i.e. UE takes samples of a time duration corresponding to an instance of PRS, and after UE finishes the processing UE takes samples from the next instance of PRS. This is shown in Figure 1.  
It is noted that for a PRS instance, a PRS resource can be repeated in the following two ways, and UE will take all the repetitions (subject to its sampling capability N) to generate a TOA estimation per PRS sample.
· on symbol level within a slot, e.g. in Figure 1 the resource is configured with comb size 2 and the symbol size per slot is 4 so the resource is repeated twice within a slot, and
· on slot level within a PRS period, e.g. in Figure 1 the resource is repeated in four consecutive slots
Therefore, the accuracy requirements should be defined based on number of PRS samples, where each samples includes a number of PRS repetitions. As to the number of samples in deriving the accuracy, our view is that it should be based on one sample which is same as in LTE. 
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Figure 1: Illustration of PRS measurement sample
Based on above, we suggest to adopt option 1 for defining the RSTD accuracy. Option 2 means UE generates TOA estimation based on coherent combining of samples across multiple PRS occasions/periods, which is quite different assumption from normal UE implementation.
Proposal 2: RSTD accuracy requirements are defined based on a single PRS sample, where a PRS sample includes a number of PRS repetitions. 
	· Whether accuracy requirements are agnostic to comb size
· clarify what “comb size” refers to
· Option 1: no
· Option 2: yes


In our understanding, comb size refers to parameter dl-PRS-CombSizeN-r16 in PRS configuration.
NR-DL-PRS-PositioningFrequencyLayer-r16 ::= SEQUENCE {
	dl-PRS-SubcarrierSpacing-r16	ENUMERATED {kHz15, kHz30, kHz60, kHz120, ...},
	dl-PRS-ResourceBandwidth-r16	INTEGER (1..63),
	dl-PRS-StartPRB-r16				INTEGER (0..2176),
	dl-PRS-PointA-r16				ARFCN-ValueNR-r15,
	dl-PRS-CombSizeN-r16			ENUMERATED {n2, n4, n6, n12, ...},
	dl-PRS-CyclicPrefix-r16			ENUMERATED {normal, extended, ...},
	...
}
It is noted that the comb size is related to the subcarrier separation of PRS REs in frequency domain, and it is a separate configuration from the PRS symbol number in a slot which is given by dl-PRS-NumSymbols-r16. 
NR-DL-PRS-ResourceSet-r16 ::= SEQUENCE {
	nr-DL-PRS-ResourceSetID-r16			NR-DL-PRS-ResourceSetID-r16,
	dl-PRS-Periodicity-and-ResourceSetSlotOffset-r16
										NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16,
	dl-PRS-ResourceRepetitionFactor-r16	ENUMERATED {n2, n4, n6, n8, n16, n32, ...}
																			OPTIONAL,	-- Need OP
	dl-PRS-ResourceTimeGap-r16			ENUMERATED {s1, s2, s4, s8, s16, s32, ...}
																			OPTIONAL, 	-- Cond Rep
	dl-PRS-NumSymbols-r16				ENUMERATED {n2, n4, n6, n12, ...},
	dl-PRS-MutingOption1-r16			DL-PRS-MutingOption1-r16			OPTIONAL,	-- Need OP
	dl-PRS-MutingOption2-r16			DL-PRS-MutingOption2-r16			OPTIONAL,	-- Need OP
	dl-PRS-ResourcePower-r16			INTEGER (-60..50),	
	dl-PRS-ResourceList-r16				SEQUENCE (SIZE (1..nrMaxResourcesPerSet-r16)) OF
																	NR-DL-PRS-Resource-r16,
	...
}
Based on our simulation results in [2] and [3], the PRS symbol number has impact on the performance similar as number of slot repetitions, while the performance with different comb sizes are quite similar. Therefore, the accuracy requirements can be defined agnostic to comb size.
Proposal 3: RSTD accuracy requirements are defined agnostic to comb size, which is given by parameter dl-PRS-CombSizeN-r16 in PRS configuration.
	· 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


On the antenna panel assumption, in our view, it relates to the calibration margin in the accuracy. RAN4 has discussed the reference point for the timing related measurement, and the common understanding is that the calibration of timing between antenna and baseband may impact the accuracy. In FR2, the calibration error may be different for different antenna panels, so we agree to take the antenna panel as a consideration factor in accuracy requirements. 
However, we do not see a clear point in defining separate accuracy requirements for RSTD measured with same panel and RSTD measured with different panels. In real world, how panels are deployed and which panel is used to take a measurement from a certain TRP are up to UE implementation, so it is not possible to define when UE should use same or different antenna panels for the reference and neighbour cell.
Proposal 4: 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


In our view, the approach in option 1 is reasonable since RSTD is a comparison between TOAs of reference TRP and neighbouring TRP, so the performance is limited by the worse one between the two, which is the one with smaller BW. It is noted that same approach is used in LTE.
Proposal 5: 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
	· 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


In our view, there is no need to capture TRS presence or particular TRS setting as the applicability condition for the accuracy requirements. It is true that UE keeps its oscillator and timing based on serving cell, but even in worst case there will be SSB with 160ms periodicity available in the serving cell which we think is sufficient to limit the timing error for PRS measurement at reasonable level in typical scenarios. 
On the other hand, for test cases TRS is configured in each of existing test cases based on RAN1 specification, and we do not see any reason to change it for positioning test cases.
Proposal 6: RAN4 not to capture TRS presence or particular TRS setting as the applicability condition for the accuracy requirements. TRS is to be configured in the positioning test cases as in existing test cases.
	· 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.


Measurement accuracy mainly depends on PRS BW and resource repetitions, but none of them is impacted by HO. With HO, the serving frequency may be changed but the PRS frequency layer is not, so we do not see the point why applicable accuracy requirement is impacted by HO.
Proposal 7: 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 


From the link level simulations, it is a common observation from companies that RSTD accuracy is much worse with TDL-C channel companied to other channels. This is expected given the large delay of the strongest path. It means the RSTD based positioning cannot work well in such propagation environment. 
If the performance with TDL-C is considered in the accuracy requirements, the accuracy would be poor which gives the improper indication to implementation of the performance in other scenarios e.g. LOS scenario where RSTD based positioning is typically deployed. Therefore, it is reasonable to exclude number from simulations for TDL-C channel model with 300 ns delay spread in FR1 for defining the RSTD accuracy requirements.
Proposal 8: Exclude number from simulations for TDL-C channel model with 300 ns delay spread in FR1 for defining the RSTD accuracy requirements.
Besides above issues from RAN4#96-e, to complete the RSTD accuracy requirements, two additional issues need to be decided. 
One issue is which combinations of PRS BW and repetitions the requirements are defined for. As discussed in the past meetings, RAN4 cannot define accuracy requirements for each combination of PRS BW and repetitions; instead a limited set of combinations needs to be selected based on typical deployment scenario and link level performance, e.g. all the combinations should lead to reasonable performance, and the performance gap between the combinations should be large enough justifying separate requirements. In our view, the combinations that were used in the agreed simulation [4] can be used as a starting point.
Proposal 9: RAN4 to decide the combinations of PRS BW and repetitions for which the requirements are defined. The combinations that were used in the agreed simulation can be used as a starting point.
Another issue is the group delay calibration margin. Similar as RF calibration margin in RSRP accuracy, this margin adds to the accuracy numbers and needs to be determined based on UE vendors’ inputs. It is noted that as the RSTD is the difference between two TOA measurements, the calibration error can be cancelled out if the reference and neighboring resources are on the same frequency layer in FR1. For FR2 as different antenna panels may be used for measuring reference and neighboring resources, the calibration error may still apply.
Proposal 10: RAN4 to decide on the group delay calibration margin. 
· The margin equals to zero if the reference and neighboring resources are on the same frequency layer in FR1
Conclusions
In this paper we provided our views on RSTD accuracy requirements.
Proposal 1: Side condition for RSTD accuracy requirements in FR2 is PRS Es/Iot of -3 dB for reference cell and -10 dB for neighbor cells.
Proposal 2: RSTD accuracy requirements are defined based on a single PRS sample, where a PRS sample includes a number of PRS repetitions. 
Proposal 3: RSTD accuracy requirements are defined agnostic to comb size, which is given by parameter dl-PRS-CombSizeN-r16 in PRS configuration.
Proposal 4: RAN4 not to define separate accuracy requirements for RSTD measured with same panel and with different panels.
Proposal 5: 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
Proposal 6: RAN4 not to capture TRS presence or particular TRS setting as the applicability condition for the accuracy requirements. TRS is to be configured in the positioning test cases as in existing test cases.
Proposal 7: Applicable accuracy requirements is not impacted by HO.
Proposal 8: Exclude number from simulations for TDL-C channel model with 300 ns delay spread in FR1 for defining the RSTD accuracy requirements.
Proposal 9: RAN4 to decide the combinations of PRS BW and repetitions for which the requirements are defined. The combinations that were used in the agreed simulation can be used as a starting point.
Proposal 10: RAN4 to decide on the group delay calibration margin for RSTD accuracy. 
· The margin equals to zero if the reference and neighboring resources are on the same frequency layer in FR1
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