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Introduction
Remaining issues in performance requirements for PRS measurement were discussed in RAN4#102-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· Calibration margin for RSTD with small BW
· Calibration margin for Rx-Tx with small BW
· Applicability of Rx-Tx requirements in case of auto adjustment
· UE based DL-TDOA test cases
Besides, we would like to define one additional issue as follows.
· Repetition for small BW
In this paper we will provide our views on the performance requirements for PRS measurement.
Discussion
Calibration margin for RSTD with small BW
	Issue 2-1-1: Group delay calibration margin for RSTD measurement accuracy in FR1
Agreement:
· Group delay calibration margin for RSTD measurement accuracy in FR1:
	PRS BW (MHz)
	Margin (Tc)

	≥ 5
	TBD

	≥ 10
	TBD

	≥ 20
	[36]

	≥ 50
	[16]

	≥ 100
	[12]


Issue 2-1-2: Group delay calibration margin for RSTD measurement accuracy in FR2
Agreement:
· Group delay calibration margin for RSTD measurement accuracy in FR2
	PRS BW (MHz)
	Margin (Tc)

	≥ 20
	TBD

	≥ 50
	[32]

	≥ 100
	[16]

	≥ 200
	[12]





The calibration error should depend on the PRS BW due to the fact that the group delay is dependent on BW, so it has to be calibrated for each BW instead of the highest BW. On the other hand the calibration accuracy is limited by the RS BW used for the calibration. The calibration error should depend on FR1/FR2 because in FR2 the calibration is OTA so there can be some challenges to get very high accuracy.
There was one question in last meeting regarding the dependence of our suggested margin values on the BW. While we agree that the margin should increase when the BW becomes smaller, it is not necessarily proportional, especially for the very small BW. We were assuming that somehow an improved calibration performance for the small BW at the cost of increased implementation costs. Since this may not be a common understanding, we are proposing some larger margin which hopefully can help to converge.
Our suggested values for small PRS BWs and different FRs (for single PFL case) are:
Proposal 1: Add the following group delay calibration margin for RSTD accuracy for single PFL case.
Table 1: Calibration margin for RSTD FR1 single PFL case
	PRS BW (MHz)
	Margin (Tc)

	≥ 5
	[80]

	≥ 10
	[64]



Table 2: Calibration margin for RSTD FR2 single PFL case
	PRS BW (MHz)
	Margin (Tc)

	≥ 20
	[64]


Calibration margin for Rx-Tx with small BW
	Issue 2-2-1: Group delay calibration margin for Rx-Tx measurement accuracy in FR1
Agreement:
· Group delay calibration margin for Rx-Tx measurement accuracy in FR1
	Min(PRS BW, SRS BW) (MHz)

	Margin (Tc)

	≥ 5
	TBD

	≥ 10
	[80]

	x≥ 20
	[56]

	≥ 50
	[24]

	≥ 100
	[24]





Similar as for RSTD in section 2.2, the calibration error should depend on the min BW of PRS and SRS since the calibration involves both UL and DL. Our suggested value for small BWs and FR1 is 
Proposal 2: Add the following group delay calibration margin for UE Rx-Tx accuracy.
Table 3: Calibration margin for UE Rx-Tx FR1
	Min{PRS BW, SRS BW} (MHz)
	Margin (Tc)

	≥ 5
	[128]


Applicability of Rx-Tx requirements in case of auto adjustment
	Issue 2-2-3: Applicability of Rx-Tx accuracy requirements with autonomous timing adjustment
GTW Tentative agreements:
· Applicability of Rx-Tx accuracy requirements with autonomous timing adjustment is defined as:
· If the uplink transmission timing changes during the UE Rx-Tx measurement period due to autonomous adjustment
· Option 1: 
· If the autonomous timing adjustment is below threshold X
· UE Rx-Tx measurement accuracy requirements shall apply
· Otherwise
· UE Rx-Tx measurement accuracy requirements shall apply for a cell, which is also the downlink reference cell (defined in section 7.1.1)
· 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. UE shall restart the measurement period in such case
· 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)
· 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. UE [may or shall] restart the measurement period in such case


We support option 2 with “UE [may] restart the measurement period in such case”.
In our view, option 1 is adding new requirements to the UE implementation. First, UE needs to determine whether to continue or restart the Rx-Tx measurement based on the amount of autonomous adjustment, which is a new UE behaviour. Second, no matter how small X is, the ideal Rx-Tx is changed for non-serving cell, the using option 1 means the accuracy requirements are effectively tightened by X. 
With option 2 and “UE [may] restart the measurement period in such case”, it can be left to UE implementation whether to restart the measurement. We believe this is the best compromised way to handle the requirements for this case. 
Proposal 3: Applicability of Rx-Tx accuracy requirements with autonomous timing adjustment is defined as:
· UE Rx-Tx measurement accuracy requirements shall apply for a cell, which is also the downlink reference cell (defined in section 7.1.1)
· 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. UE may restart the measurement period in such case
UE based DL-TDOA test cases
	Issue 2-4-3: whether to specify new UE based DL-TDOA test cases
whether to specify new UE based DL-TDOA test cases.
· Specify new test case for UE-based DL-TDOA measurements: 
· New test case for UE-based DL-TDOA reporting delay is added with limited additional effort, leveraging the existing test case setup for UE-assisted
· Detailed test configuration is FFS
· New test case for UE-based DL-TDOA measurement accuracy is added
· Detailed test configuration is FFS
Tentative agreements: None.
Candidate options:
· Option 1: both of the above tests are added
· Option 2: none of the above test is added


We support option 2.
In early phase of Rel-16 there was a discussion on whether to introduce requirements for UE based positioning, and there was no consensus, and as such UE based positioning is down prioritized in Rel-16. We do not think at this stage of Rel-16 (9 months after the close of the Perf part), RAN4 should introduce new test cases for which there was no core or accuracy requirement. Technically, we do not think the existing tests for measurement delay and accuracy can be simply re-used for positioning test. 
Proposal 4: RAN4 not to define new test case for UE-based positioning.
[bookmark: _GoBack]Repetition for small BW
In current accuracy requirements for RSTD and UE Rx-Tx for FR2, the number of repetitions for smallest RB number is different for AWGN and fading channel. The difference is based on simulation results, so it is technically reasonable.
Table 10.1.23.2-2: RSTD absolute accuracy in FR2 for AWGN channel
	Accuracy
	Conditions

	
	PRS Ês/Iot
	PRS SCS
	PRS bandwidth
Note 1
	PRS resource repetition 
()          Note 2
	Io Note 3 range

	
	
	
	
	
	Minimum Io 
	Maximum Io

	Tc Note 4
	dB
	kHz
	RB
	
	dBm/SCS 
	dBm/BWChannel

	[35+TBD] +ΔNote 6
	(PRS Ês/Iot)ref ≥-6dB

 (PRS Ês/Iot)i ≥-13dB
	60
	≥ [24]
	≥ [1]
	Same value as PRS_RP in Table B.2.z-2, according to UE Power class, operating band and angle of arrival
	-50

	[56] +Δ
	
	
	≥ [64]
	≥ [1]
	Note 5
	Note 5

	[27] +Δ
	
	
	≥ [132]
	≥ [1]
	Note 5
	Note 5

	[56] +Δ
	
	120
	≥ [32]
	≥ [1]
	Same value as PRS_RP in Table B.2.z-2, according to UE Power class, operating band and angle of arrival
	-50

	[29] +Δ
	
	
	≥ [64]
	≥ [1]
	Note 5
	Note 5

	[18] +Δ
	
	
	≥ [128]
	≥ [1]
	Note 5
	Note 5


Table 10.1.23.2-4:  RSTD absolute accuracy in FR2 for fading channel
	Accuracy
	Conditions

	
	PRS Ês/Iot
	PRS SCS
	PRS bandwidth
Note 1
	PRS resource repetition 
()          Note 2
	Io Note 3 range

	
	
	
	
	
	Minimum Io 
	Maximum Io

	Tc Note 4
	dB
	kHz
	RB
	
	dBm/SCS 
	dBm/BWChannel

	[83+TBD] +ΔNote 6
	(PRS Ês/Iot)ref ≥-6dB

 (PRS Ês/Iot)i ≥-13dB
	60
	≥ [24]
	≥ [4]
	Same value as PRS_RP in Table B.2.z-2, according to UE Power class, operating band and angle of arrival
	-50

	[96] +Δ
	
	
	≥ [64]
	≥ [1]
	Note 5
	Note 5

	[62] +Δ
	
	
	≥ [132]
	≥ [1]
	Note 5
	Note 5

	[80] +Δ
	
	120
	≥ [32]
	≥ [4]
	Same value as PRS_RP in Table B.2.z-2, according to UE Power class, operating band and angle of arrival
	-50

	[70] +Δ
	
	
	≥ [64]
	≥ [1]
	Note 5
	Note 5

	[48] +Δ
	
	
	≥ [128]
	≥ [1]
	Note 5
	Note 5


However, the number of repetitions does not impact the accuracy but also the core requirements. In particular, for determining whether a PRS resource overlaps with MG, UE needs to check whether the min number of repetitions are covered by the MG effective time. If that’s the case, UE would measure the resource, otherwise UE may not measure this PRS resource.
The problem here is that UE does not know the propagation condition when performing the measurement, so when less than 4 repetitions are within MG, UE cannot determine whether to measure this resource or not. To resolve the problem, we suggest to align the repetition number to 4 for both AWGN and fading channel. This would give a small relaxation on the condition, but it will give clear requirements on whether a resource should be measured or not.
Proposal 5: Update the PRS repetition number to 4 for the smallest BW in RSTD and UE Rx-Tx accuracy requirements for FR2 AWGN.
Conclusions
In this paper we provided our views on the start point of PRS measurement period.
Proposal 1: Add the following group delay calibration margin for RSTD accuracy for single PFL case.
Table 1: Calibration margin for RSTD FR1 single PFL case
	PRS BW (MHz)
	Margin (Tc)

	≥ 5
	[80]

	≥ 10
	[64]



Table 2: Calibration margin for RSTD FR2 single PFL case
	PRS BW (MHz)
	Margin (Tc)

	≥ 20
	[64]


Proposal 2: Add the following group delay calibration margin for UE Rx-Tx accuracy.
Table 3: Calibration margin for UE Rx-Tx FR1
	Min{PRS BW, SRS BW} (MHz)
	Margin (Tc)

	≥ 5
	[128]


Proposal 3: Applicability of Rx-Tx accuracy requirements with autonomous timing adjustment is defined as:
· UE Rx-Tx measurement accuracy requirements shall apply for a cell, which is also the downlink reference cell (defined in section 7.1.1)
· 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. UE may restart the measurement period in such case
Proposal 4: RAN4 not to define new test case for UE-based positioning.
Proposal 5: Update the PRS repetition number to 4 for the smallest BW in RSTD and UE Rx-Tx accuracy requirements for FR2 AWGN.
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