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Introduction
UE Rx-Tx measurements accuracy requirements were discussed in RAN4#98-bis-e, and the outcomes are captured in the WF [1]. Based on [1] the following general issues are to be further discussed:
· Applicability of accuracy requirements with UL timing change
· Applicability of accuracy requirements with (non-HO) serving cell change
· PRS BW ranges and requirements for 60kHz SCS in FR2
· Group delay calibration margin
In this paper we will provide our views on the above open issues for UE Rx-Tx accuracy requirements.
Discussion
UL timing change
	· Applicability of accuracy requirements in the case of NTA_offset change : FFS
· Option 1: 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.” 
· Option 2 :Capture in the specification that UE Rx-Tx accuracy requirements do not apply in case the UE UL timing changes during the measurement period
· Applicability of accuracy requirements under TA adjustment : FFS
· Option 1 : UE Rx-Tx measurement accuracy requirements shall not apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment or based on network-configured TA 
· Option 2: 
· UE Rx-Tx measurement accuracy requirements shall not apply if the uplink transmission timing changes during the UE Rx-Tx measurement period due to network-configured TA command. 
· 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 3: Capture in the specification that UE Rx-Tx accuracy requirements do not apply in case the UE UL timing changes during the measurement period


In general, as UE Rx-Tx measurement is derived based on Tx timing, it is reasonable that the accuracy requirements do not apply when UE UL timing changes, since UE may use the old or the new UL timing to calculate the UE Rx-Tx measurement, and it is difficult to tell which one is correct or better. 
Based on clause 7.1 of 38.133, UE UL timing is determined by both
· TA, including both commanded TA from NW and the NTA_offset, defined as [image: ] and
· UE autonomous timing adjustment, which is to account for the change in DL reference timing
It is noted that NTA_offset is a rather static parameter which is based on NW deployment, so NTA_offset change is a really corner case. For UE autonomous timing adjustment, the change in one step may be several Ts, which is quite large for positioning, so it should be treated in the same way as NW commanded TA change.
Considering the issues have been discussed for long time, we suggest to define a generic applicability rule that the UE Rx-Tx accuracy requirements do not apply in case the UE UL timing changes during the measurement period. This should cover all the scenarios discussed. It has been already agreed in previous RAN4 meeting that accuracy requirements do not apply in case of NW commanded TA. 
Proposal 1: Capture in the specification that UE Rx-Tx accuracy requirements do not apply in case the UE UL timing changes during the measurement period.
(non-HO) serving cell change
	· Applicable accuracy requirement in case of other (non-HO) serving cell changes: FFS
· Option 1 :The UE shall continue and complete a UE Rx-Tx measurement while meeting UE Rx-Tx measurement accuracy requirements in clause 10.1.23, when a serving cell change (including SCell change, addition, release, activation, or deactivation, or PSCell change, addition, or release) occurs during the measurement, provided the cell change does not impact the configuration of the SRS used for the measurement
· Option 2: Accuracy requirements apply with serving cell change, provided that the serving cell change does not impact the UL timing. No need to capture this in the spec


The differences between the two options are 
· Whether SRS configuration or UL timing is concerned
· Whether anything needs to be captured in the spec
As UE Rx-Tx measurement is derived based on UL timing, we think we matters to the applicability of the accuracy requirements should be UL timing rather than SRS configuration. It may happen that a serving cell change does not impact SRS configuration but the UL timing related to the SRS transmission, e.g. when SRS is transmitted on SCell, and the reference cell for the sTAG is changed due to SCell change. Of course, this case can be considered as UL timing change, thus can be already covered by Proposal 1.
On the other hand, it may also happen that the serving cell change impacts SRS configuration but not UL timing, e.g. when the SCell where UE transmits SRS is released. Of course, what matters for UE Rx-Tx is the UL timing for the SRS transmission, and if the SRS configuration is changed, the UL timing is not relevant anymore. In general, this change of SRS configuration should be informed to the LMF by the serving cell gNB because other gNBs that are measuring this SRS should be aware of it. From UE side, there is no need to apply the accuracy requirements because the measurement itself is not relevant anymore.
Based on above discussion, we think it is reasonable to say that the accuracy requirements do not apply in case a serving cell change that impacts configuration of the positioning SRS occurs during the measurement. 
Proposal 2: Capture the following texts in 38.133:
“UE Rx-Tx accuracy requirements do not apply in case a serving cell change that impacts configuration of the positioning SRS occurs during the measurement.”
PRS BW ranges and requirements for 60kHz SCS in FR2
In general, the principle for defining PRS BW ranges for RSTD can be reused for UE Rx-Tx. We discuss PRS BW ranges for RSTD in our companion paper [2]. Based on our simulation results for UE Rx-Tx, we suggest to use the following tables for defining UE Rx-Tx accuracy for -3dB condition. 
· For AWGN channel, the BW ranges are same as RSTD in [2]
· For fading channel, some BW ranges are removed e.g. large BW for FR2 at -3dB because the performance are rather similar for all BWs
Proposal 3: RAN4 to consider the following tables for defining UE Rx-Tx accuracy requirements. Some BW ranges can be merged, if the accuracy numbers are similar when considering the margins.
Table 1: Template for UE Rx-Tx accuracy requirements FR1 with fading channel 
	Accuracy (Tc)
	Es/Iot (dB)
	PRB num
	SCS (kHz)
	Repetition 

	
	-3
	≥24
	15
	≥1

	
	
	≥52
	
	≥1

	
	
	≥104
	
	≥1

	
	
	≥48
	30
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥24
	60
	≥1

	
	
	≥[200]
	
	≥1

	
	-13
	≥24
	15
	≥4

	
	
	≥52
	
	≥1

	
	
	≥48
	30
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥64
	60
	≥1

	
	
	≥132
	
	≥1


Table 2: Template for UE Rx-Tx accuracy requirements FR2 with fading channel 
	Accuracy (Tc)
	Es/Iot (dB)
	PRB num
	SCS (kHz)
	Repetition 

	
	-3
	≥24
	60
	≥1

	
	
	≥24
	120
	≥1

	
	-13
	≥64
	60
	≥1

	
	
	≥24
	120
	≥1


Table 3: Template for UE Rx-Tx accuracy requirements FR1 with AWGN channel 
	Accuracy (Tc)
	Es/Iot (dB)
	PRB num
	SCS (kHz)
	Repetition 

	
	-3
	≥24
	15
	≥1

	
	
	≥52
	
	≥1

	
	
	≥104
	
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥48
	30
	≥1

	
	
	≥132
	
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥24
	60
	≥1

	
	
	≥64
	
	≥1

	
	
	≥132
	
	≥1

	
	-13
	≥24
	15
	≥1

	
	
	≥52
	
	≥1

	
	
	≥104
	
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥48
	30
	≥1

	
	
	≥132
	
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥24
	60
	≥1

	
	
	≥64
	
	≥1

	
	
	≥132
	
	≥1


Table 4: Template for UE Rx-Tx accuracy requirements FR2 with AWGN channel 
	Accuracy (Tc)
	Es/Iot (dB)
	PRB num
	SCS (kHz)
	Repetition 

	
	-3
	≥24
	60
	≥1

	
	
	≥64
	
	≥1

	
	
	≥132
	
	≥1

	
	
	≥24
	120
	≥1

	
	
	≥64
	
	≥1

	
	
	≥128
	
	≥1

	
	-13
	≥24
	60
	≥1

	
	
	≥64
	
	≥1

	
	
	≥132
	
	≥1

	
	
	≥24
	120
	≥1

	
	
	≥64
	
	≥1

	
	
	≥128
	
	≥1


Group delay calibration margin
Similar as RSTD, the group delay calibration margin should be added to the UE Rx-Tx accuracy. For UE Rx-Tx, only one Rx path and one Tx path is used, so there is no need to consider the relative timing error between two Rx paths.
In RAN4#98-bis-e, some companies suggested that the calibration margin should be depending on the PRS BW. For Rx path, we agree this suggestion, e.g. with 100MHz BW the nominal resolution is ~10ns, which means the residual timing error can be in the range of [-5, +5]ns. Besides the uncertainty in the calibration process, some margin is also needed to account for jitter (variance) of the group delay over time, which cannot be calibrated and compensated. 
The margin for accounting Tx path calibration error needs more discussion. Depending on the calibration method, Tx path may be separately calibrated from the Rx path, or the Rx-Tx path can be calibrated together. Also, it is a question whether the Tx calibration error depends on the positioning SRS BW. 
Proposal 4: RAN4 to further discuss the calibration margin for UE Rx-Tx, e.g. how to account for the Tx path calibration error.
Conclusions
In this paper we provided our views on UE Rx-Tx accuracy requirements.
Proposal 1: Capture in the specification that UE Rx-Tx accuracy requirements do not apply in case the UE UL timing changes during the measurement period.
Proposal 2: Capture the following texts in 38.133:
“UE Rx-Tx accuracy requirements do not apply in case a serving cell change that impacts configuration of the positioning SRS occurs during the measurement.”
Proposal 3: RAN4 to consider the following tables for defining UE Rx-Tx accuracy requirements. Some BW ranges can be merged, if the accuracy numbers are similar when considering the margins.
Table 1: Template for UE Rx-Tx accuracy requirements FR1 with fading channel 
	Accuracy (Tc)
	Es/Iot (dB)
	PRB num
	SCS (kHz)
	Repetition 

	
	-3
	≥24
	15
	≥1

	
	
	≥52
	
	≥1

	
	
	≥104
	
	≥1

	
	
	≥48
	30
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥24
	60
	≥1

	
	
	≥[200]
	
	≥1

	
	-13
	≥24
	15
	≥4

	
	
	≥52
	
	≥1

	
	
	≥48
	30
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥64
	60
	≥1

	
	
	≥132
	
	≥1


Table 2: Template for UE Rx-Tx accuracy requirements FR2 with fading channel 
	Accuracy (Tc)
	Es/Iot (dB)
	PRB num
	SCS (kHz)
	Repetition 

	
	-3
	≥24
	60
	≥1

	
	
	≥24
	120
	≥1

	
	-13
	≥64
	60
	≥1

	
	
	≥24
	120
	≥1


Table 3: Template for UE Rx-Tx accuracy requirements FR1 with AWGN channel 
	Accuracy (Tc)
	Es/Iot (dB)
	PRB num
	SCS (kHz)
	Repetition 

	
	-3
	≥24
	15
	≥1

	
	
	≥52
	
	≥1

	
	
	≥104
	
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥48
	30
	≥1

	
	
	≥132
	
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥24
	60
	≥1

	
	
	≥64
	
	≥1

	
	
	≥132
	
	≥1

	
	-13
	≥24
	15
	≥1

	
	
	≥52
	
	≥1

	
	
	≥104
	
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥48
	30
	≥1

	
	
	≥132
	
	≥1

	
	
	≥[200]
	
	≥1

	
	
	≥24
	60
	≥1

	
	
	≥64
	
	≥1

	
	
	≥132
	
	≥1


Table 4: Template for UE Rx-Tx accuracy requirements FR2 with AWGN channel 
	Accuracy (Tc)
	Es/Iot (dB)
	PRB num
	SCS (kHz)
	Repetition 

	
	-3
	≥24
	60
	≥1

	
	
	≥64
	
	≥1

	
	
	≥132
	
	≥1

	
	
	≥24
	120
	≥1

	
	
	≥64
	
	≥1

	
	
	≥128
	
	≥1

	
	-13
	≥24
	60
	≥1

	
	
	≥64
	
	≥1

	
	
	≥132
	
	≥1

	
	
	≥24
	120
	≥1

	
	
	≥64
	
	≥1

	
	
	≥128
	
	≥1


Proposal 4: RAN4 to further discuss the calibration margin for UE Rx-Tx, e.g. how to account for the Tx path calibration error.
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