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Introduction
In RAN4#101-e meeting, RAN4 continued discussing maintenance issues regarding UE measurement accuracy requirements for NR positioning. Agreements and open issues were documented in a WF [1]. In this paper, we discuss the following remaining issues:
· UE Rx-Tx group delay calibration margin
· RSTD Group delay calibration margin
· RSTD frequency drift margin
· PRS-RSRP accuracy requirements for extreme conditions
· Applicability of UE Rx-Tx accuracy requirements with TA change due to autonomous adjustments
UE Rx-Tx group delay calibration margin
In RAN4#101-e, the following agreement was reached on the framework for defining the group delay calibration margin [1].
Group delay calibration margin for UE Rx-Tx time difference
· in FR1 
PRS BW (MHz)
Margin (Tc)
≥ 5
[TBD]
≥ 10
[TBD]
≥ 20
[TBD]
≥ 50
[TBD]
≥ 100
[TBD]

· in FR2 . FFS if additional margin should be added for OTA calibration.
PRS BW (MHz)
Margin (Tc)
≥ 20
[TBD]
≥ 50
[TBD]
≥ 100
[TBD]
≥ 200
[TBD]



One clarification in the agreed structure is that the bandwidth bins should take into account both the PRS bandwidth and the SRS bandwidth. The reason is that both Tx and Rx group delays need to be calibrated. This is reflected in our proposals below. 

Proposal 1: For UE Rx-Tx measurement accuracy requirements in FR1, add group delay calibration margins listed in the table below.
	Min(PRS BW, SRS BW) (MHz)
	Margin (Tc)

	≥ 5
	160

	≥ 10
	80

	≥ 20
	40

	≥ 50
	16

	≥ 100
	8



Proposal 2: For UE Rx-Tx measurement accuracy requirements in FR2, add group delay calibration margins listed in the table below.
	Min(PRS BW, SRS BW) (MHz)
	Margin (Tc)

	≥ 20
	80

	≥ 50
	32

	≥ 100
	16

	≥ 200
	8



RSTD group delay calibration margin
RAN4 reached the following agreement in RAN4#101-e regardin the group delay calibration margin for RSTD [1]:
Group delay calibration margin for RSTD
· in FR1 when the reference and target PRS resources are in the same PFL (single PFL case)
PRS BW (MHz)
Margin (Tc)
≥ 5
[TBD]
≥ 10
[TBD]
≥ 20
[TBD]
≥ 50
[TBD]
≥ 100
[TBD]
· in FR2 when the reference and target PRS resources are in the same PFL (single PFL case). FFS if additional margin should be added for OTA calibration.
PRS BW (MHz)
Margin (Tc)
≥ 20
[TBD]
≥ 50
[TBD]
≥ 100
[TBD]
≥ 200
[TBD]


In a previous paper, we discussed the need to account for group delay error in RSTD accuracy requirements [3]. We mentioned several sources of error and argued for the need to differentiate between the single PFL (reference and target PRS resources in the same layer) and two PFL (reference and target PRS resources in different layers) scenarios. RAN4 has agreed to add different margins in these two cases.
As discussed in our previous paper, the single PFL case is easier to address in practice because there is no dependency on synchronizing multiple test signals [3].
Proposal 3: For RSTD measurement accuracy requirements in FR1 when the reference and target PRS resources are in the same PFL (single PFL case), add group delay calibration margins listed in the table below.
	PRS BW (MHz)
	Margin (Tc)

	≥ 5
	160

	≥ 10
	80

	≥ 20
	40

	≥ 50
	16

	≥ 100
	8



Proposal 4: For RSTD measurement accuracy requirements in FR2 when the reference and target PRS resources are in the same PFL (single PFL case), add group delay calibration margins listed in the table below.
	PRS BW (MHz)
	Margin (Tc)

	≥ 20
	80

	≥ 50
	32

	≥ 100
	16

	≥ 200
	8



Proposal 5: For PRS-RSTD measurements in FR1 with neighbor and reference PRS resources in different PFLs, the value of the group delay calibration margin is FFS.
Proposal 6: For PRS-RSTD measurements in FR2 with neighbor and reference PRS resources in different PFLs, the value of the group delay calibration margin is FFS.

RSTD frequency drift margin
In RAN4#100-e, RAN4 agreed to add a frequency drift margin to RSTD measurement accuracy requirements [2].
· The frequency drift margin in RSTD accuracy is FFS
· Frequency drift margin will be derived based on the maximum time offsets between the two PRS resource instances from the reference cell and neighbor cells which are used for a single RSTD measurement.
· The maximum time offset for margin definition can be FFS
· A single fixed margin will be used for requirements definition

Per the above agreement, the frequency error margin for RSTD will depend on two factors:
1. The magnitude of the frequency error
2. The maximum time offset between the two PRS resource instances
Regarding the frequency error, a common assumption in RAN4 is to use the UE transmit frequency error of , specified in TS 38.101-1 and TS 38.101-2. Note that the spec. is 0.1 ppm relative to the gNB frequency, not w.r.t. to nominal frequency. Nonetheless, this assumption may be too pessimistic. We will return to this issue later.
For the maximum time offset between PRS resources RAN4 should choose a reasonable value that does not limit excessively the applicability of the accuracy requirements and UE’s ability to report measurements based on PRS instances detected in different PRS periods. For example, if we take the maximum time offset to be , then the UE should report RSTD measurements based on PRS resources that are not received more that  apart to try to meet the accuracy requirements. Considering that a PRS periodicity of  may be typical in network deployments and that PRS muting may be used, this could be too restrictive when multiple PFLs are configured in the assistance data. We propose that  can be applied to the case of a single PFL.
For the case of multiple PFLs, the desire for a large  should be balanced with the desire to avoid adding large margins. E.g. for  and  , the margin would be . That large of a margin would largely dominate the RSTD accuracy requirements. As we suggested previously, assuming  may be too pessimistic. For example, in practice the UE may be able to maintain a lower frequency error depending on TRS configuration and frequency tracking implementation. As middle ground, we propose adding margin assuming  and  .
Proposal 7a: Add a frequency margin of 32 Tc for RSTD that applies for a maximum time offset of 160 msec between the PRS resource instances used to calculate the RSTD measurement for the case of a single PFL.
Proposal 7b: Add a frequency margin of 50 Tc for RSTD that applies for a maximum time offset of 1 second between the PRS resource instances used to calculate the RSTD measurement for the case of multiple PFLs.
PRS-RSRP accuracy requirements for extreme conditions
RAN4 again discussed this question in RAN4#101-e and the following FFS was captured in the WF [1]:
· FFS on the PRS RSRP measurement requirements in extreme condition are X dB larger than that in normal condition, and X is: 
· 3dB for absolute accuracy for FR1. 
· 3dB for absolute accuracy for FR2. 
· [1.5]dB for relative accuracy for FR1.
· 3dB for relative accuracy for FR2

In the previous meeting, companies were roughly split on this issue. We don’t see a strong incentive to add these requirements. The impact of extreme conditions on RSRP accuracy can be tested already on a device with the SSB-RSRP requirements for extreme conditions. Similar degradation could be expected under similar conditions.
Proposal 8: No need to define PRS-RSRP accuracy requirements for extreme conditions.
Applicability of UE Rx-Tx accuracy requirements with TA change due to autonomous adjustments
Regarding the question of applicability of accuracy requirements under TA adjustment if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment, the following options were proposed in the WF [1]:
· Option 1. 
· UE Rx-Tx measurement accuracy requirements shall apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment
· Option 2. 
· UE Rx-Tx measurement accuracy requirements shall apply for a cell, which is also the downlink reference cell (defined in section 7.1.1) for SRS transmission even if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
· the UE Rx-Tx measurement accuracy requirements shall not apply for a cell, which is not the downlink reference cell (defined in section 7.1.1) for SRS transmission, if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.

In the absence of network TA commands, the UE is required to adjust its uplink timing to maintain a fixed timing relationship with respect to downlink timing. In our view, UE Rx-Tx measurement accuracy requirements should be applicable under autonomous timing adjustments.
Proposal 9: UE Rx-Tx measurement accuracy requirements shall apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
Conclusions
Proposal 1: For UE Rx-Tx measurement accuracy requirements in FR1, add group delay calibration margins listed in the table below.
	Min(PRS BW, SRS BW) (MHz)
	Margin (Tc)

	≥ 5
	160

	≥ 10
	80

	≥ 20
	40

	≥ 50
	16

	≥ 100
	8



Proposal 2: For UE Rx-Tx measurement accuracy requirements in FR2, add group delay calibration margins listed in the table below.
	Min(PRS BW, SRS BW) (MHz)
	Margin (Tc)

	≥ 20
	80

	≥ 50
	32

	≥ 100
	16

	≥ 200
	8



Proposal 3: For RSTD measurement accuracy requirements in FR1 when the reference and target PRS resources are in the same PFL (single PFL case), add group delay calibration margins listed in the table below.
	PRS BW (MHz)
	Margin (Tc)

	≥ 5
	160

	≥ 10
	80

	≥ 20
	40

	≥ 50
	16

	≥ 100
	8



Proposal 4: For RSTD measurement accuracy requirements in FR2 when the reference and target PRS resources are in the same PFL (single PFL case), add group delay calibration margins listed in the table below.
	PRS BW (MHz)
	Margin (Tc)

	≥ 20
	80

	≥ 50
	32

	≥ 100
	16

	≥ 200
	8



Proposal 5: For PRS-RSTD measurements in FR1 with neighbor and reference PRS resources in different PFLs, the value of the group delay calibration margin is FFS.
Proposal 6: For PRS-RSTD measurements in FR2 with neighbor and reference PRS resources in different PFLs, the value of the group delay calibration margin is FFS.
Proposal 7a: Add a frequency margin of 32 Tc for RSTD that applies for a maximum time offset of 160 msec between the PRS resource instances used to calculate the RSTD measurement for the case of a single PFL.
Proposal 7b: Add a frequency margin of 50 Tc for RSTD that applies for a maximum time offset of 1 second between the PRS resource instances used to calculate the RSTD measurement for the case of multiple PFLs.
Proposal 8: No need to define PRS-RSRP accuracy requirements for extreme conditions.
Proposal 9: UE Rx-Tx measurement accuracy requirements shall apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment.
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