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Introduction
RAN4 continued discussing performance requirements for Rel-18 RedCap positioning in RAN4#100. Agreements and open issues were captured in a WF [1].
In this brief paper we provide our views and proposals on measurement accuracy requirements.
Discussion
 Accuracy requirements with Rx frequency hopping
RAN4 reached the following agreements regarding measurement accuracy requirements [1].
Issue 5-1-4: Accuracy requirements for Rx FH and without Rx FH
Agreements
· Accuracy requirements will be defined also for the case with FH.
· The BW set will be extended for the FH case in the accuracy requirements.
FFS: whether the accuracy requirements are the same or different for the cases with and without FH.
Issue 5-2-1: Channel model for Rx FH in FR2
Agreements
· Accuracy requirement for RedCap positioning with FH in FR2 is defined for TDL-C instead of TDL-A (60 ns delay spread, 300 Hz). 
· Update simulation assumptions from R4-2314460 accordingly (Ericsson will request a tdoc number and updated the sim. assumptions).
· Updated simulation assumptions are captured in R4-2403471.


RAN4 has yet to discuss the specifics of how to define accuracy requirements for measurements with Rx hopping. Some proposals were set forth in RAN4#100 and captured in the topic summary [3].
Issue 5-1-7: Effective bandwidth for Rx FH case
· Proposals
· Option 1: HW
· For RedCap with FH, RAN4 to discuss the per hop BW and total measurement BW across all hops for defining accuracy requirements.
· Option 2: E///
· For with FH, the PRS configuration up to 100MHz after FH in FR1 and up to 400MHz after FH in FR2 shall be considered to derive the accuracy requirement for positioning measurements. Simulations results submitted by companies with 1 PRB overlap between hops are used to derive the accuracy requirements.
· Option 3: Nokia
· RAN4 to discuss whether to define the same or different accuracy requirements depending on the number of hops within a single MG occasion.


Multiple factors may affect the accuracy of measurements performed with Rx hopping, including the total PRS bandwidth measured by the UE, the number of hops and the overlap between hops. Overlap between hops can be 1, 2, 4 RBs depending on UE capability (FG 41-5-1, component 6). Number of hops depends on both PRS configuration and UE capability according to RAN4 agreement in RAN4#110 [1]. Total measured PRS bandwidth is not reported explicitly by the UE, instead RAN4 defined a minimum expected bandwidth requirement, shown below. 
Issue 2-1-4: Minimum PRS bandwidth for Rx FH
Agreement
· The minimum PRS BW expected to be measured with Rx hopping is given by

where
·  is determined by the min. among 1) the configured PRS BW, 2) UE capability (Component 1 of FG 41-5-1), and 3) total BW of all hops requested by LMF.
·  is the BW per hop signaled in the UE capability.
·  is the minimum hop overlap signaled in the UE capability.
·  is the number of Rx hops measured by the UE within a MG instance.


It is not practical to define requirements for all possible combinations of parameter values. RAN4 agreed to simulate a few configurations and, in our view, the baseline should be to define requirements based on that reduced set of configurations. Of course, the requirements can also apply to scenarios with more favorable conditions that those evaluated by RAN4. E.g. in the simulation assumptions [2], companies agreed to evaluate performance with 1 RB overlap between hops. If a UE instead performs measurements with the same number of hops but with a larger overlap between hops and it is still able to measure at least the total PRS BW assumed in the requirement, then the requirement can be applied. In general, for a given total measured bandwidth, a smaller number of hops and/or larger overlap between hops should result in better measurement accuracy. We assume a UE will always try to minimize the number of hops used in a measurement by maximizing the PRS BW per hop. Based on these assumptions, we have the following proposals.


Proposal 1a: Define measurement accuracy requirements for RSTD with Rx FH and 2Rx in AWGN based on the total PRS bandwidth, PRS bandwidth per hop and overlap between hops (1 RB) in the simulation assumptions. The requirement in each row applies for a multi-hop RSTD measurement provided:
a. the minimum expected measured PRS BW is equal or larger than the total PRS BW listed in that row, and
b. the max BW per hop (component 1 of FG 13-1) supported by the UE is equal or larger to the value listed in that row.
  
	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [5%, 95%] (Tc)

	
	
	
	
	
	
	SINRref = -3 dB,
SINRi = -6 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	2
	±X1

	
	≥ 272
	30
	≥ 20
	16
	2
	±X2

	
	≥ 132
	60
	≥ 20
	16
	2
	±X3

	FR2
	≥ 272
	60
	≥ 50
	8
	2
	±X4

	
	≥ 272
	120
	≥ 100
	4
	2
	±X5



	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [5%, 95%] (Tc)

	
	
	
	
	
	
	SINRref = -6 dB,
SINRi = -13 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	4
	±Y1

	
	≥ 272
	30
	≥ 20
	16
	4
	±Y2

	
	≥ 132
	60
	≥ 20
	16
	4
	±Y3

	FR2
	≥ 272
	60
	≥ 50
	8
	4
	±Y4

	
	≥ 272
	120
	≥ 100
	4
	4
	±Y5





Proposal 1b: Define measurement accuracy requirements for RSTD with Rx FH and 1Rx in AWGN based on the total PRS bandwidth, PRS bandwidth per hop and overlap between hops (1 RB) in the simulation assumptions. The requirement in each row applies for a multi-hop RSTD measurement provided:
a. the minimum expected measured PRS BW is equal or larger than the total PRS BW listed in that row, and
b. the max BW per hop (component 1 of FG 13-1) supported by the UE is equal or larger to the value listed in that row.
  
	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [5%, 95%] (Tc)

	
	
	
	
	
	
	SINRref = -3 dB,
SINRi = -6 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	2
	±X1

	
	≥ 272
	30
	≥ 20
	16
	2
	±X2

	
	≥ 132
	60
	≥ 20
	16
	2
	±X3



	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [5%, 95%] (Tc)

	
	
	
	
	
	
	SINRref = -6 dB,
SINRi = -13 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	4
	±Y1

	
	≥ 272
	30
	≥ 20
	16
	4
	±Y2

	
	≥ 132
	60
	≥ 20
	16
	4
	±Y3




Proposal 2a: Define measurement accuracy requirements for UE Rx-Tx with Rx FH and 2Rx in AWGN based on the total PRS bandwidth, PRS bandwidth per hop and overlap between hops (1 RB) in the simulation assumptions. The requirement in each row applies for a multi-hop Rx-Tx measurement provided:
a. the minimum expected measured PRS BW is equal or larger than the total PRS BW listed in that row, and
b. the max BW per hop (component 1 of FG 13-1) supported by the UE is equal or larger to the value listed in that row.

	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [90%] (Tc)

	
	
	
	
	
	
	SINR = 0 dB
	SINR = -6 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	2
	X1a
	X1b

	
	≥ 272
	30
	≥ 20
	16
	2
	X2a
	X2b

	
	≥ 132
	60
	≥ 20
	16
	2
	X3a
	X3b

	FR2
	≥ 272
	60
	≥ 50
	8
	2
	X4a
	X4b

	
	≥ 272
	120
	≥ 100
	4
	2
	X5a
	X5b



	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [90%] (Tc)

	
	
	
	
	
	
	SINR = -3 dB
	SINR = -13 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	2
	Y1a
	Y1b

	
	≥ 272
	30
	≥ 20
	16
	2
	Y2a
	Y2b

	
	≥ 132
	60
	≥ 20
	16
	2
	Y3a
	Y3b

	FR2
	≥ 272
	60
	≥ 50
	8
	2
	Y4a
	Y4b

	
	≥ 272
	120
	≥ 100
	4
	2
	Y5a
	Y5b





Proposal 2b: Define measurement accuracy requirements for UE Rx-Tx with Rx FH and 1Rx in AWGN based on the total PRS bandwidth, PRS bandwidth per hop and overlap between hops (1 RB) in the simulation assumptions. The requirement in each row applies for a multi-hop Rx-Tx measurement provided:
a. the minimum expected measured PRS BW is equal or larger than the total PRS BW listed in that row, and
b. the max BW per hop (component 1 of FG 13-1) supported by the UE is equal or larger to the value listed in that row.

	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [90%] (Tc)

	
	
	
	
	
	
	SINR = 0 dB
	SINR = -6 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	2
	X1a
	X1b

	
	≥ 272
	30
	≥ 20
	16
	2
	X2a
	X2b

	
	≥ 132
	60
	≥ 20
	16
	2
	X3a
	X3b



	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [90%] (Tc)

	
	
	
	
	
	
	SINR = -3 dB
	SINR = -13 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	2
	Y1a
	Y1b

	
	≥ 272
	30
	≥ 20
	16
	2
	Y2a
	Y2b

	
	≥ 132
	60
	≥ 20
	16
	2
	Y3a
	Y3b



For PRS-RSRP(P) measurements, prior simulation campaigns in RAN4 have not shown a strong dependence on PRS BW. Our proposal is to apply the legacy accuracy requirements based on the PRS BW per hop. 
Proposal 3: For PRS-RSRP and PRS-RSRPP measurements with FH, apply the measurement accuracy requirements without FH defined for the corresponding PRS BW per hop.
Finally, we propose to define measurement accuracy test cases only for AWGN propagation condition.
Proposal 4: Define test cases for measurement accuracy with FH only for AWGN propagation condition.
 Test cases
Proposal 5: For RedCap positioning, define test cases based on a subset of the existing test cases for non-RedCap UEs
· Deprioritize test cases with PPW
· Deprioritize test cases with TEGs
· Define applicability rule for test cases in RRC_IDLE: if the UE supports measurements in RRC_INACTIVE and passes the test cases for RRC_INACTIVE, then it does not have to be tested in RRC_IDLE.
· For test cases for measurements without FH, modify the corresponding legacy test case to limit the PRS BW to be within the maximum RF BW supported by RedCap UEs.

Proposal 6: For RedCap positioning measurement delay test cases in FR1, define common test cases for 1Rx and 2Rx, setting the side condition so that it applies to both types of devices.
Proposal 7: In test cases for PRS measurements with FH, confirm that PRS BW will be larger than the UE configured channel BW on PCell. Otherwise, there is no need to define test cases for PRS measurements with FH.
Conclusions
Proposal 1a: Define measurement accuracy requirements for RSTD with Rx FH and 2Rx in AWGN based on the total PRS bandwidth, PRS bandwidth per hop and overlap between hops (1 RB) in the simulation assumptions. The requirement in each row applies for a multi-hop RSTD measurement provided:
a. the minimum expected measured PRS BW is equal or larger than the total PRS BW listed in that row, and
b. the max BW per hop (component 1 of FG 13-1) supported by the UE is equal or larger to the value listed in that row.
  
	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [5%, 95%] (Tc)

	
	
	
	
	
	
	SINRref = -3 dB,
SINRi = -6 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	2
	±X1

	
	≥ 272
	30
	≥ 20
	16
	2
	±X2

	
	≥ 132
	60
	≥ 20
	16
	2
	±X3

	FR2
	≥ 272
	60
	≥ 50
	8
	2
	±X4

	
	≥ 272
	120
	≥ 100
	4
	2
	±X5



	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [5%, 95%] (Tc)

	
	
	
	
	
	
	SINRref = -6 dB,
SINRi = -13 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	4
	±Y1

	
	≥ 272
	30
	≥ 20
	16
	4
	±Y2

	
	≥ 132
	60
	≥ 20
	16
	4
	±Y3

	FR2
	≥ 272
	60
	≥ 50
	8
	4
	±Y4

	
	≥ 272
	120
	≥ 100
	4
	4
	±Y5





Proposal 1b: Define measurement accuracy requirements for RSTD with Rx FH and 1Rx in AWGN based on the total PRS bandwidth, PRS bandwidth per hop and overlap between hops (1 RB) in the simulation assumptions. The requirement in each row applies for a multi-hop RSTD measurement provided:
a. the minimum expected measured PRS BW is equal or larger than the total PRS BW listed in that row, and
b. the max BW per hop (component 1 of FG 13-1) supported by the UE is equal or larger to the value listed in that row.
  
	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [5%, 95%] (Tc)

	
	
	
	
	
	
	SINRref = -3 dB,
SINRi = -6 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	2
	±X1

	
	≥ 272
	30
	≥ 20
	16
	2
	±X2

	
	≥ 132
	60
	≥ 20
	16
	2
	±X3



	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [5%, 95%] (Tc)

	
	
	
	
	
	
	SINRref = -6 dB,
SINRi = -13 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	4
	±Y1

	
	≥ 272
	30
	≥ 20
	16
	4
	±Y2

	
	≥ 132
	60
	≥ 20
	16
	4
	±Y3



Proposal 2a: Define measurement accuracy requirements for UE Rx-Tx with Rx FH and 2Rx in AWGN based on the total PRS bandwidth, PRS bandwidth per hop and overlap between hops (1 RB) in the simulation assumptions. The requirement in each row applies for a multi-hop Rx-Tx measurement provided:
a. the minimum expected measured PRS BW is equal or larger than the total PRS BW listed in that row, and
b. the max BW per hop (component 1 of FG 13-1) supported by the UE is equal or larger to the value listed in that row.

	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [90%] (Tc)

	
	
	
	
	
	
	SINR = 0 dB
	SINR = -6 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	2
	X1a
	X1b

	
	≥ 272
	30
	≥ 20
	16
	2
	X2a
	X2b

	
	≥ 132
	60
	≥ 20
	16
	2
	X3a
	X3b

	FR2
	≥ 272
	60
	≥ 50
	8
	2
	X4a
	X4b

	
	≥ 272
	120
	≥ 100
	4
	2
	X5a
	X5b



	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [90%] (Tc)

	
	
	
	
	
	
	SINR = -3 dB
	SINR = -13 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	2
	Y1a
	Y1b

	
	≥ 272
	30
	≥ 20
	16
	2
	Y2a
	Y2b

	
	≥ 132
	60
	≥ 20
	16
	2
	Y3a
	Y3b

	FR2
	≥ 272
	60
	≥ 50
	8
	2
	Y4a
	Y4b

	
	≥ 272
	120
	≥ 100
	4
	2
	Y5a
	Y5b



Proposal 2b: Define measurement accuracy requirements for UE Rx-Tx with Rx FH and 1Rx in AWGN based on the total PRS bandwidth, PRS bandwidth per hop and overlap between hops (1 RB) in the simulation assumptions. The requirement in each row applies for a multi-hop Rx-Tx measurement provided:
a. the minimum expected measured PRS BW is equal or larger than the total PRS BW listed in that row, and
b. the max BW per hop (component 1 of FG 13-1) supported by the UE is equal or larger to the value listed in that row.

	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [90%] (Tc)

	
	
	
	
	
	
	SINR = 0 dB
	SINR = -6 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	2
	X1a
	X1b

	
	≥ 272
	30
	≥ 20
	16
	2
	X2a
	X2b

	
	≥ 132
	60
	≥ 20
	16
	2
	X3a
	X3b



	FR
	Total PRS BW (PRBs)
	SCS (kHz)
	PRS BW per hop (MHz)
	sample rate (Tc)
	Num. samples
	Accuracy [90%] (Tc)

	
	
	
	
	
	
	SINR = -3 dB
	SINR = -13 dB

	FR1
	≥ 272
	15
	≥ 10
	32
	2
	Y1a
	Y1b

	
	≥ 272
	30
	≥ 20
	16
	2
	Y2a
	Y2b

	
	≥ 132
	60
	≥ 20
	16
	2
	Y3a
	Y3b



Proposal 3: For PRS-RSRP and PRS-RSRPP measurements with FH, apply the measurement accuracy requirements without FH defined for the corresponding PRS BW per hop.
Proposal 4: Define test cases for measurement accuracy with FH only for AWGN propagation condition.
Proposal 5: For RedCap positioning, define test cases based on a subset of the existing test cases for non-RedCap UEs
· Deprioritize test cases with PPW
· Deprioritize test cases with TEGs
· Define applicability rule for test cases in RRC_IDLE: if the UE supports measurements in RRC_INACTIVE and passes the test cases for RRC_INACTIVE, then it does not have to be tested in RRC_IDLE.
· For test cases for measurements without FH, modify the corresponding legacy test case to limit the PRS BW to be within the maximum RF BW supported by RedCap UEs.
Proposal 6: For RedCap positioning measurement delay test cases in FR1, define common test cases for 1Rx and 2Rx, setting the side condition so that it applies to both types of devices.
Proposal 7: In test cases for PRS measurements with FH, confirm that PRS BW will be larger than the UE configured channel BW on PCell. Otherwise, there is no need to define test cases for PRS measurements with FH.
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