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Introduction
In RAN4#96-e meeting, several aspects of UE Rx-Tx time difference measurements were further discussed with a WF agreed in [1]. In this paper, we discuss the following remaining topics outlined therein:
· Accuracy for serving and neighbor cells
· Rx-Tx calibration error budget at UE and gNB
· Applicability of accuracy requirements
· Accuracy requirements for FR1
· Accuracy requirements for FR2
Accuracy for serving and neighbor cells
On the question of whether to define separate measurement accuracy requirements for serving and neighbor cells, the following options are being considered in WF [1]:
· Option 1: Only one set of accuracy requirements applicable to both serving and neighbor cells to be defined
· Option 2: Define separate side conditions for serving and neighbor cells 
· Serving cell side condition for UE Rx-Tx: -3 dB, for FR1 and FR2
· FFS: same or different requirements for serving and neighbor cells

We favor option 1. One set of accuracy requirements should be specified based on the more strenuous side condition, i.e. the neighbor cell side condition. There is no need to specify a separate requirement for the serving cell.
Proposal 1: Only one set of accuracy requirements applicable to both serving and neighbor cells to be defined.
Rx-Tx calibration error budget at UE and gNB
One component of the definition of measurement accuracy requirements for UE Rx-Tx time difference is the group delay calibration error budget. The question of how to apportion the error budget between the UE and the gNB was raised and discussed briefly in the last RAN4 meeting. The following options were proposed in WF [1]:
· Option 1: The Rx-Tx calibration error budget at UE and gNB shall be defined to be of the same scale.
· Option 2: FFS in Performance part

We expect this question to be discussed further in the next meeting. At this point we support option 1.
Proposal 2: The Rx-Tx calibration error budget at UE and gNB shall be defined to be of the same scale.
Applicability of accuracy requirements
Regarding the applicability of accuracy requirements in the case of HO, the following questions are under consideration [1]:
· Option 1: UE Rx-Tx time difference accuracy requirements do not apply with HO during the measurement period.
· Option 2: Define the applicable accuracy requirements for UE Rx-Tx measurements under cell change, considering the cases of intra-frequency HO and inter-frequency HO

We support option 1. Note that there is already an agreement that UE Rx-Tx time difference measurements would be restarted when HO occurs [1]. Accuracy requirements would apply once the measurements are restarted.
Proposal 3: UE Rx-Tx time difference accuracy requirements do not apply with HO during the measurement period.
On the question of applicability of accuracy requirements in case of NTA_offset change, two options were proposed [1]:
· Option 1: RAN4 not to capture applicability of UE Rx-Tx time difference accuracy requirements under NTA_offset change during the measurement period
· Option 2: Clarify in section 10.1.25.2 in TS 38.133: “UE Rx-Tx time difference accuracy requirements shall not apply if NTA_offset defined in Table 7.1.2-2 in 38.133 changes during the UE Rx-Tx measurement period.”

We favor option 1. We could consider option 2 if any cases were identified in which NTA_offset could change and UE Rx-Tx time difference accuracy requirements would otherwise apply.
Proposal 4: RAN4 not to capture applicability of UE Rx-Tx time difference accuracy requirements under NTA_offset change during the measurement period.
UE Rx-Tx time difference accuracy requirements for FR1
In this section we propose UE Rx-Tx time difference measurement accuracy requirements for cases in which positioning SRS and PRS resources are allocated in the same frequency band 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 [2], excluding TDL-C with 300 nsec delay spread.
PRS_TotalRepetition = (DL-PRS-NumSymbols x DL-PRS_ResourceRepetitionFactor) / DL-PRS-CombSizeN
[bookmark: _Ref54090505]Table 5‑1: UE Rx-Tx time difference accuracy requirements for FR1 with SRS and PRS in the same band
	Total measurement accuracy (ns)
Note 1
	Simulated measurement error – 90th percentile (ns)
	UE Tx/Rx group delay calibration error (ns)
	Error due to timing drift (ns)
Note 2 
	PRS Es/Iot (dB)
	PRS BW (MHz)
	PRS-TotalRepetition

	± [116.5]
	± [74]
	±[40]
	±[2.5]
	(PRS Es/Iot)ref ≥ -6
(PRS Es/Iot)i ≥ -13
	≥ [10]
	≥ [4]

	± [78.5]
	± [56]
	±[20]
	±[2.5]
	(PRS Es/Iot)ref ≥ -6
(PRS Es/Iot)i ≥ -13
	≥ [20]
	≥ [2]

	± [51.5]
	± [41]
	±[8]
	±[2.5]
	(PRS Es/Iot)ref ≥ -6
(PRS Es/Iot)i ≥ -13
	≥ [50]
	≥ [2]

	± [43.5]
	± [37]
	±[4]
	±[2.5]
	(PRS Es/Iot)ref ≥ -6
(PRS Es/Iot)i ≥ -13
	[100]
	≥ [1]

	Note 1: These requirements apply when positioning SRS and PRS resources are allocated in the same frequency band and all PRS resources are 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 SRS transmission and PRS reception.



UE Rx-Tx time difference accuracy requirements for FR2
In this section we propose UE Rx-Tx time difference measurement accuracy requirements for cases in which positioning SRS and PRS resources are allocated in the same frequency band 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 [2].
PRS_TotalRepetition = (DL-PRS-NumSymbols x DL-PRS_ResourceRepetitionFactor) / DL-PRS-CombSizeN
[bookmark: _Ref54091282]Table 6‑1: UE Rx-Tx time difference accuracy requirements for FR2 with SRS and PRS in the same band
	Total measurement accuracy (ns)
Note 1
	Simulated measurement error – 90th percentile (ns)
	UE Tx/Rx group delay calibration error (ns)
	Error due to timing drift (ns)
Note 2 
	PRS Es/Iot (dB)
	PRS BW (MHz)
	PRS-TotalRepetition

	± [56.5]
	± [46]
	±[8]
	±[2.5]
	(PRS Es/Iot)ref ≥ -3
(PRS Es/Iot)i ≥ -10
	≥ [50]
	≥ [1]

	± [47.5]
	± [41]
	±[4]
	±[2.5]
	(PRS Es/Iot)ref ≥ -3
(PRS Es/Iot)i ≥ -10
	≥ [100]
	≥ [1]

	± [44.5]
	± [40]
	±[2]
	±[2.5]
	(PRS Es/Iot)ref ≥ -3
(PRS Es/Iot)i ≥ -10
	≥ [200]
	≥ [1]

	Note 1: These requirements apply when positioning SRS and PRS resources are allocated in the same frequency band and all PRS resources are in a single 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 SRS transmission and PRS reception.




Conclusions
Proposal 1: Only one set of accuracy requirements applicable to both serving and neighbor cells to be defined.
Proposal 2: The Rx-Tx calibration error budget at UE and gNB shall be defined to be of the same scale.
Proposal 3: UE Rx-Tx time difference accuracy requirements do not apply with HO during the measurement period.
Proposal 4: RAN4 not to capture applicability of UE Rx-Tx time difference accuracy requirements under NTA_offset change during the measurement period.
UE Rx-Tx time difference accuracy requirements for FR1 and FR2 with SRS and PRS in the same frequency band were proposed in Table 5‑1 and Table 6‑1, respectively.
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