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Introduction
UE Rx-Tx measurement accuracy requirements were further discussed in RAN4#98-e and agreements and open issues were captured in a WF [1]. In this paper, we discuss the following remaining questions:
· Applicability of accuracy requirements in case of NTA_offset change
· Applicability of accuracy requirements under TA adjustment
· Applicability of accuracy requirements in case of non-HO serving cell change
· Group delay calibration margin
· Definition of accuracy requirements
Applicability of accuracy requirements in case of NTA_offset change
This issue has been discussed in the last four RAN4 meetings with little progress. The WF from RAN4#98bis-e lists the following options [1]:
· 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

We prefer to address the various scenarios corresponding to different types of timing changes separately. We support option 1.
Proposal 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.”


Applicability of accuracy requirements under TA adjustment
Regarding this question, the following options were listed in the WF [1]:
· 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
 
There is already a prior agreement in RAN4 [2] related to this question: “UE Rx-Tx time difference accuracy requirements do not apply under TA change during the measurement period.” In our view this agreement applies to TA command from the network. Measurement accuracy requirements should be applicable under autonomous timing adjustments.
Proposal 2a: 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.
Proposal 2b: 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.
Applicability of accuracy requirements in case of non-HO serving cell change
In RAN4#98bis-e, companies continued discussing the question of applicability of UE Rx-Tx measurement accuracy requirements when a cell change other than HO occurs during the measurement period. Two options were captured in a WF [1]:
· 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 specifications.

The question above is also being considered in the discussion of UE Rx-Tx measurement (period) requirements. Given that these questions are tightly coupled, RAN4 may decide first if the measurement requirements do apply and, if so, whether the accuracy requirements apply as well.
Proposal 3: UE Rx-Tx measurement accuracy requirements in the case of serving cell changes other than HO that do not impact the configuration of SRS for positioning are FFS.

Group delay calibration margin
RAN4 decided to add a group delay calibration error margin to RSTD accuracy requirements [3,4]. In our view, RAN4 should do the same for UE Rx-Tx.
Proposal 4: RAN4 will add a non-zero group delay calibration margin to the UE Rx-Tx accuracy requirements in FR1 and FR2.

Based on our observations, the group delay calibration margin should scale inversely with PRS bandwidth. i.e. since the receiver front-end should be configured to the desired BW during calibration, the calibration accuracy itself will be limited by the signal bandwidth.

Observation 1: The group delay calibration margin should scale inversely with PRS bandwidth.
Proposal 5: For UE Rx-Tx measurements in FR1, add a group delay calibration margin of 4 ns * (100/BW), where BW is the PRS bandwidth in MHz, to the accuracy requirements.
Definition of accuracy requirements
Our latest simulation results (see Appendix) show that UE Rx-Tx accuracy for low number of RBs, e.g. 32 or less, has significant dependence on the number of PRS resource repetitions in fading conditions and SINR = -13 dB. Therefore, at least for fading condition and low SINR side-condition, RAN4 should specifying accuracy requirements for repetition factor ≥ 4.
Proposal 6: Structure for UE Rx-Tx accuracy requirements. The frequency ranges for each SCS may be modified based on finalized simulation results.
	Accuracy 
(Tc)
	Es/Iot 
(dB)
	PRS BW 
(PRB)
	PRS SCS
(kHz)
	Repetition factor
  

	[TBD]
	-3
	≥ [24]
	15
	≥ [4]

	[TBD]
	
	≥ [52]
	
	≥ [1]

	[TBD]
	
	≥ [104]
	
	≥ [1]

	[TBD]
	
	≥ [268]
	
	≥ [1]

	[TBD]
	
	≥ [48]
	30
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]

	[TBD]
	
	≥ [272]
	
	≥ [1]

	[TBD]
	
	≥ [24]
	60
	≥ [4]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]

	[TBD]
	-13
	≥ [24]
	15
	≥ [4]

	[TBD]
	
	≥ [52]
	
	≥ [1]

	[TBD]
	
	≥ [104]
	
	≥ [1]

	[TBD]
	
	≥ [268]
	
	≥ [1]

	[TBD]
	
	≥ [48]
	30
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]

	[TBD]
	
	≥ [272]
	
	≥ [1]

	[TBD]
	
	≥ [24]
	60
	≥ [4]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]


Table 1: UE Rx-Tx accuracy in FR1

	Accuracy 
(Tc)
	Es/Iot 
(dB)
	PRS BW 
(PRB)
	PRS SCS
(kHz)
	Repetition factor
  

	[TBD]
	-3
	≥ [24]
	60
	≥ [4]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]

	[TBD]
	
	≥ [24]
	120
	≥ [4]

	[TBD]
	
	≥ [32]
	
	≥ [1]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [128]
	
	≥ [1]

	[TBD]
	-13
	≥ [24]
	60
	≥ [4]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]

	[TBD]
	
	≥ [24]
	120
	≥ [4]

	[TBD]
	
	≥ [32]
	
	≥ [4]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [128]
	
	≥ [1]



Table 2: UE Rx-Tx accuracy in FR2
Conclusions
Proposal 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.”
Proposal 2a: 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.
Proposal 2b: 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.
Proposal 3: UE Rx-Tx measurement accuracy requirements in the case of serving cell changes other than HO that do not impact the configuration of SRS for positioning are FFS.
Proposal 4: RAN4 will add a non-zero group delay calibration margin to the UE Rx-Tx accuracy requirements in FR1 and FR2.
Observation 1: The group delay calibration margin should scale inversely with PRS bandwidth.
Proposal 5: For UE Rx-Tx measurements in FR1, add a group delay calibration margin of 4 ns * (100/BW), where BW is the PRS bandwidth in MHz, to the accuracy requirements.
Proposal 6: Structure for UE Rx-Tx accuracy requirements. The frequency ranges for each SCS may be modified based on finalized simulation results.
	Accuracy 
(Tc)
	Es/Iot 
(dB)
	PRS BW 
(PRB)
	PRS SCS
(kHz)
	Repetition factor
  

	[TBD]
	-3
	≥ [24]
	15
	≥ [4]

	[TBD]
	
	≥ [52]
	
	≥ [1]

	[TBD]
	
	≥ [104]
	
	≥ [1]

	[TBD]
	
	≥ [268]
	
	≥ [1]

	[TBD]
	
	≥ [48]
	30
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]

	[TBD]
	
	≥ [272]
	
	≥ [1]

	[TBD]
	
	≥ [24]
	60
	≥ [4]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]

	[TBD]
	-13
	≥ [24]
	15
	≥ [4]

	[TBD]
	
	≥ [52]
	
	≥ [1]

	[TBD]
	
	≥ [104]
	
	≥ [1]

	[TBD]
	
	≥ [268]
	
	≥ [1]

	[TBD]
	
	≥ [48]
	30
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]

	[TBD]
	
	≥ [272]
	
	≥ [1]

	[TBD]
	
	≥ [24]
	60
	≥ [4]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]


Table 3: UE Rx-Tx accuracy in FR1
(continued)




	Accuracy 
(Tc)
	Es/Iot 
(dB)
	PRS BW 
(PRB)
	PRS SCS
(kHz)
	Repetition factor
  

	[TBD]
	-3
	≥ [24]
	60
	≥ [4]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]

	[TBD]
	
	≥ [24]
	120
	≥ [4]

	[TBD]
	
	≥ [32]
	
	≥ [1]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [128]
	
	≥ [1]

	[TBD]
	-13
	≥ [24]
	60
	≥ [4]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [132]
	
	≥ [1]

	[TBD]
	
	≥ [24]
	120
	≥ [4]

	[TBD]
	
	≥ [32]
	
	≥ [4]

	[TBD]
	
	≥ [64]
	
	≥ [1]

	[TBD]
	
	≥ [128]
	
	≥ [1]



Table 4: UE Rx-Tx accuracy in FR2



Appendix

	FR
	Channel
	PRS BW (PRBs)
	SCS (kHz)
	Comb size
	Repetition factor
	Es/Iot (dB)
	UE Rx-Tx accuracy (Tc)

	FR1
	AWGN
	24
	15
	2
	1
	-13
	218.8

	FR1
	AWGN
	24
	15
	2
	4
	-13
	211.5

	FR1
	TDL-A
	24
	15
	2
	1
	-13
	392.4

	FR1
	TDL-A
	24
	15
	2
	4
	-13
	257.9

	FR2
	AWGN
	24
	120
	2
	1
	-13
	27.7

	FR2
	AWGN
	24
	120
	2
	4
	-13
	25.9

	FR2
	AWGN
	32
	120
	2
	1
	-13
	19.8

	FR2
	AWGN
	32
	120
	2
	4
	-13
	19.3

	FR2
	TDL-C
	24
	120
	2
	1
	-13
	770.2

	FR2
	TDL-C
	24
	120
	2
	4
	-13
	97.2

	FR2
	TDL-C
	32
	120
	2
	1
	-13
	276.8

	FR2
	TDL-C
	32
	120
	2
	4
	-13
	89.2


Table 5: UE Rx-Tx simulation results for low PRS RB
References
[1] R4-2105750, WF on NR Positioning Performance Requirements
[2] R4-2008664, WF on requirements for RSTD and UE Rx-Tx time difference measurement
[3] R4-2017371, WF on NR Positioning Performance Requirements
[4] R4-2013586, WF on NR Positioning Performance Requirements



8

4

