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Introduction
In RAN4#96-e meeting, several aspects of PRS-RSTD measurements were further discussed with a WF agreed in [1]. In this paper, we discuss the following remaining topics outlined therein:
· Side condition for FR2
· Definition of accuracy requirements
· Applicability of accuracy requirements
· RSTD accuracy requirements
Side condition for FR2
One open issue is selecting the side condition for applicability of PRS-RSTD measurement accuracy requirements in FR2. The options outlined in the WF are the following [1]:
· 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 link-level simulation results submitted previously [2], where both side conditions in question were simulated, it was observed that the side condition in option 1 resulted in noticeable better measurement accuracy (90th percentile) in a fading channel scenario (TDL-C with 60 ns delay spread, 300 Hz). Additionally, system-level simulations provided by QCOM [3] and other companies [e.g. 4] show that the option 1 side condition can be readily achieved in various scenarios.
Proposal 1: -3dB for reference TRP and -10 dB for neighbor TRP.
Definition of accuracy requirements
There are several open questions around the topic of how to define PRS-RSTD accuracy requirements and related assumptions. We shall address those questions in this section.
Let us start with the question of whether accuracy requirements are agnostic to PRS comb size. Comb size refers to the parameter  defined in TS 38.211 clause 7.4.1.7.3. It is also referred to as dl-PRS-CombSizeN-r16 in TS 38.214 clause 5.1.6.5. The comb size of a PRS resource specifies its ‘frequency density’ within the PRS bandwidth, in the OFDM symbols where the PRS resource is allocated in a given slot. A comb size of N means that the PRS resource is mapped onto 1-out-of-N resource elements (REs) within the PRS bandwidth, during each OFDM symbol that carries PRS.
Whether accuracy requirements are agnostic to PRS comb size is a matter of choice. We propose to define accuracy requirements in terms of a PRS comb pattern. For a PRS resource with comb size N, the comb pattern comprises all the REs mapped to PRS in N consecutive OFDM symbols. The significance of this definition is that, for a given PRS bandwidth, the number of PRS REs in a comb pattern is fixed, regardless of the comb size. i.e. the processing gain of a single instance of the comb pattern is determined by the PRS bandwidth.
Observation 1: For a given PRS bandwidth, the number of PRS REs in the comb pattern is fixed, regardless of the comb size. The processing gain associated with one instance of the comb pattern is determined by the PRS bandwidth.
Since the processing gain of a comb pattern instance is independent of comb size, we can define accuracy requirements as a function of the number of comb pattern instances (repetitions) within a PRS resource without explicit reference to its comb size. Note that the number of PRS symbols within a slot, defined in TS 38.211 clause 7.4.1.7.3, is equal to an integer number (1, 2, 3, 6) of comb pattern repetitions.
Next, we consider the question of whether to define requirements based on the number of PRS samples or comb pattern repetitions. Two options were presented [1]:
· Option 1: Accuracy requirements are defined based on number of PRS samples, where each sample 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.

Our proposal is to define accuracy requirements based on a single instance (sample) of a PRS resource, including all its repetitions within a PRS period. Accuracy requirements would be specified as a function of PRS bandwidth and total number of comb pattern repetitions since those two parameters determine the achievable processing gain for one PRS sample. This choice of requirements definition is supported/motivated by the link-level simulation results in [2].
Proposal 2: Define accuracy requirements based on a single instance (sample) of a PRS resource, including all its repetitions within a PRS period.
Proposal 3: Accuracy requirements would be specified as a function of PRS bandwidth and the total number of comb pattern repetitions contained in one PRS sample.
The next question concerns antenna panel/port assumptions to be considered when defining accuracy requirements. Two options are outlined in [1]:
· 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

We support option 2. This issue was discussed earlier and it was agreed to include calibration errors in the accuracy requirements for UE timing measurements (RSTD and UE Rx-Tx time difference) [5].
Proposal 4: RAN4 not to define separate accuracy requirements for PRS-RSTD measured with same antenna panels/ports and with different antenna panels/ports.
The fourth question is whether to exclude simulation results for TDL-C channel model with 300 ns delay spread in FR1 when defining PRS-RSTD and UE Rx-Tx timing difference accuracy requirements. Our link-level simulation results [2] show significantly worse measurement accuracy for that channel compared to others that were simulated. The degradation can be attributed to large delay spread and relatively weak LOS path. If those results are not excluded, it would result in inflated accuracy requirements.
Proposal 5: 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.
The last question concerns the assumption on TRS setting for defining accuracy requirements and associated tests. In was proposed in RAN4#96-e to 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. While this is a valid point, it is not clear that we could expect (impose) tighter UE clock frequency accuracy than what is currently specified in 38.101-1 and 38.101-2. In addition, even if the UE were able correct exactly its frequency error relative to the gNB, it could still have significant frequency error vs. the nominal (ideal) frequency. For example, the frequency accuracy specification for Medium Range Base Stations and Local Area Base Stations in the same (0.1 ppm) as for the UE [6]. Only Wide Area Base Stations have a much tighter frequency accuracy spec (0.05 ppm). Therefore, the most straightforward way to limit the impact of frequency error (timing drift) on RSTD accuracy would be to specify proximity (in time) requirements between PRS resources used to calculate RSTD.
Proposal 6: In order to limit the impact of timing drift, PRS-RSTD measurement accuracy requirements should be subject to a proximity (in time) requirement between PRS resources involved in the RSTD calculation.
Proposal 7: Conformance tests for PRS-RSTD measurement accuracy should be designed to guarantee time proximity of X msec between PRS resources used to calculate RSTD. X can be further discussed.
Proposal 8: During a DL-TDOA positioning session, the UE should take into account proximity requirements between PRS resources when selecting the reference cell.
Applicability of accuracy requirements
The first question concerns the applicability of accuracy requirements for a PRS-RSTS measurement involving two positioning frequency layers (reference cell and neighbor cell in different frequency layers), where PRS resources in each layer could have different bandwidth. Note that this situation is not possible for a single-layer measurement since all resources within a positioning frequency layer must share the same PRS bandwidth (TS 37.355 clause 6.4.3).
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, ...},
	...
}

Since PRS bandwidth directly impacts the achievable PRS processing gain, for PRS-RSTD measurements involving multiple positioning frequency layers, accuracy requirements should be applied based on the minimum PRS bandwidth across frequency layers.
Proposal 9: If reference and neighbor PRS resources belong to different positioning frequency layers, the minimum PRS bandwidth across the positioning frequency layers should be used for applicability of accuracy requirements.
Regarding the applicability of accuracy requirements in the case of HO, two options were down-selected in RAN4#96-e [1]:
· 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.

Our view is that so long as the side conditions and measurement requirements are satisfied, PRS-RSTD measurement accuracy should not be impacted. We support option 2.
Proposal 10: The applicability of PRS-RTSD measurement accuracy requirements is not impacted by HO.
RSTD accuracy requirements for FR1
In this section we propose RSTD measurement accuracy requirements for a single positioning frequency layer in FR1. Accuracy requirements are specified for a single PRS resource instance, including all its repetitions (intra-slot and inter-slot) within one PRS period. Table 5‑1 lists the measurement accuracy in units of nanoseconds for different PRS BW and PRS_TotalRepetition. As shown in the table, the total measurement accuracy includes error contributions from UE group delay calibration and timing drift as well as simulated measurement errors (90th percentile) for the propagation channels agreed in [7], excluding TDL-C with 300 nsec delay spread.
PRS_TotalRepetition = (DL-PRS-NumSymbols x DL-PRS_ResourceRepetitionFactor) / DL-PRS-CombSizeN


[bookmark: _Ref54299760]Table 5‑1: RSTD accuracy requirements for FR1 with a single positioning frequency layer
	Total measurement accuracy (ns)
Note 1
	Simulated measurement error – 90th percentile (ns)
	UE Rx delay calibration error (ns)
	Error due to timing drift (ns) 
Note 2
	PRS Es/Iot (dB)
	PRS BW (MHz)
	PRS-TotalRepetition

	± [69.5]
	± [67]
	±[0]
	±[2.5]
	(PRS Es/Iot)ref ≥ -6
(PRS Es/Iot)i ≥ -13
	≥ [10]
	≥ [4]

	± [46.5]
	± [44]
	±[0]
	±[2.5]
	(PRS Es/Iot)ref ≥ -6
(PRS Es/Iot)i ≥ -13
	≥ [20]
	≥ [2]

	± [33.5]
	± [31]
	±[0]
	±[2.5]
	(PRS Es/Iot)ref ≥ -6
(PRS Es/Iot)i ≥ -13
	≥ [50]
	≥ [2]

	± [32.5]
	± [30]
	±[0]
	±[2.5]
	(PRS Es/Iot)ref ≥ -6
(PRS Es/Iot)i ≥ -13
	[100]
	≥ [1]

	Note 1: These requirements apply for PRS resources in a single positioning frequency layer.
Note 2: Based on UE frequency error requirement in TS 38.101-1 clause 6.4.1 and assuming a maximum time separation of 25 msec between reception of PRS resources.



RSTD accuracy requirements for FR2
In this section we propose RSTD measurement accuracy requirements for a single positioning frequency layer in FR2. Accuracy requirements are specified for a single PRS resource instance, including all its repetitions (intra-slot and inter-slot) within one PRS period. Table 6‑1 lists the measurement accuracy in units of nanoseconds for different PRS BW and PRS_TotalRepetition. As shown in the table, the total measurement accuracy includes error contributions from UE group delay calibration and timing drift as well as simulated measurement errors (90th percentile) for the propagation channels agreed in [7].
PRS_TotalRepetition = (DL-PRS-NumSymbols x DL-PRS_ResourceRepetitionFactor) / DL-PRS-CombSizeN

[bookmark: _Ref54301426]Table 6‑1: RSTD accuracy requirements for FR2 with a single positioning frequency layer
	Total measurement accuracy (ns)
Note 1
	Simulated measurement error – 90th percentile (ns)
	UE Rx delay calibration error (ns)
	Error due to timing drift (ns) 
Note 2
	PRS Es/Iot (dB)
	PRS BW (MHz)
	PRS-TotalRepetition

	± [35.5]
	± [33]
	±[0]
	±[2.5]
	(PRS Es/Iot)ref ≥ -3
(PRS Es/Iot)i ≥ -10
	≥ [50]
	≥ [1]

	± [29.5]
	± [27]
	±[0]
	±[2.5]
	(PRS Es/Iot)ref ≥ -3
(PRS Es/Iot)i ≥ -10
	≥ [100]
	≥ [1]

	± [18.5]
	± [16]
	±[0]
	±[2.5]
	(PRS Es/Iot)ref ≥ -3
(PRS Es/Iot)i ≥ -10
	≥ [200]
	≥ [1]

	Note 1: These requirements apply for PRS resources in a single positioning frequency layer.
Note 2: Based on UE frequency error requirement in TS 38.101-2 clause 6.4.1 and assuming a maximum time separation of 25 msec between reception of PRS resources.



Conclusions
Proposal 1: -3dB for reference TRP and -10 dB for neighbor TRP.
Observation 1: For a given PRS bandwidth, the number of PRS REs in the comb pattern is fixed, regardless of the comb size. The processing gain associated with one instance of the comb pattern is determined by the PRS bandwidth.
Proposal 2: Define accuracy requirements based on a single instance (sample) of a PRS resource, including all its repetitions within a PRS period.
Proposal 3: Accuracy requirements would be specified as a function of PRS bandwidth and the total number of comb pattern repetitions contained in one PRS sample.
Proposal 4: RAN4 not to define separate accuracy requirements for PRS-RSTD measured with same antenna panels/ports and with different antenna panels/ports.
Proposal 5: 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.
Proposal 6: In order to limit the impact of timing drift, PRS-RSTD measurement accuracy requirements should be subject to a proximity (in time) requirement between PRS resources involved in the RSTD calculation. 
Proposal 7: Conformance tests for PRS-RSTD measurement accuracy should be designed to guarantee time proximity of X msec between PRS resources used to calculate RSTD. X can be further discussed.
Proposal 8: During a DL-TDOA positioning session, the UE should take into account proximity requirements between PRS resources when selecting the reference cell.
Proposal 9: If reference and neighbor PRS resources belong to different positioning frequency layers, the minimum PRS bandwidth across the positioning frequency layers should be used for applicability of accuracy requirements.
Proposal 10: The applicability of PRS-RTSD measurement accuracy requirements is not impacted by HO.
RSTD accuracy requirements for FR1 and FR2 with a single positioning frequency layer were proposed in Table 5‑1 and Table 6‑1, respectively.
References
[1] R4-2012283
[2] R4-2009877
[3] R4-1915193
[4] R4-1915256
[5] R4-1915854
[6] TS 38.104
[7] R4-2009172


8

4

