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Introduction
RAN4#109 closed the core part of the rel. 18 WI on RedCap positioning. The agreements reached in the meeting are captured in the WF document [1]. In this contribution we present our view on the issues related to performance requirement for RedCap positioning. Furthermore, issues related to test cases for RedCap positioning are also discussed.
Discussion

Channel model for accuracy requirement
Accuracy requirement for positioning measurements performed by RedCap UEs with and without FH is yet to be agreed and defined in RAN4 specification. To derive the accuracy requirement for RedCap positioning, the channel models or the propagation conditions under which the accuracy requirements remain valid needs to be clarified.
In the previous meetings, simulation assumptions for RedCap positioning were discussed and the parameters in R4-2314460 were agreed. In our view, the agreed parameters, mainly the propagation conditions agreed to be simulated for RedCap positioning with FH, need to be revisited. The objective of introducing Rx FH for RedCap positioning is to allow RedCap devices capable of receiving narrow bandwidth PRS for positioning measurements to receive multiple hops of such narrow bandwidth PRS resources to produce high accuracy positioning measurements by exploiting the virtually wide bandwidth PRS resource received over multiple hops by the UE. In this regard, we see a need to align the channels or propagation conditions between without FH and with FH case such as that a fair conclusion can be drawn that shows the gain due to Rx FH on positioning measurement accuracy. 
Observation 1: The propagation conditions for FR2 between without FH case and with FH case needs to be aligned.  
Observation 2: The requirements for fading channel in Rel. 17 are derived based on TDL-A (30 ns delay spread, 5Hz) and TDL-C (60 ns delay spread, 300 Hz) channel models for FR1 and FR2 respectively.
Observation 3: Agreed simulation assumptions for RedCap positioning with FH considers TDL-A (30 ns delay spread, 5Hz) channel model for RSTD and UE Rx-Tx measurements for both FR1 and FR2.
Observation 4: Channel model for RedCap positioning with FH in FR2 should be updated to TDL-C (60 ns delay spread, 300 Hz).
Proposal 1: Accuracy requirement for RedCap positioning with FH in FR2 is defined for TDL-C (60 ns delay spread, 300 Hz). R4-2314460 (simulation assumption document) is updated accordingly.

Side conditions
In previous RAN4 meetings side condition for RedCap positioning measurement accuracy requirement has been discussed. The following are the agreements reached in RAN4#106bis, RAN4#108, and RAN4#109 meetings. 
Agreements (RAN4#106bis)
The side conditions (PRS Es/Iot) defined in Rel-17 are reused for defining corresponding PRS requirements for 2Rx RedCap UE without FH.
Agreements (RAN4#108)
· RSTD accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-6, [-10], [-10]) dB.
· UE Rx-Tx accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, [-10], [-10]) dB.
· PRS-RSRP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, [-10], [-10]) dB.
· PRS-RSRPP accuracy requirement for 1Rx RedCap UE under fading propagation condition is defined for SINR values (-3, [-10], [-10]) dB.
Agreements ( RAN4#109)
The side conditions for positioning measurements without FH are reused for positioning measurements with FH.
Based on the agreements above, the observation below can be made:
Observation 5: Rel-17 side conditions are reused for defining corresponding PRS requirements for 2Rx RedCap UE with FH.
Based on observation 5 the side condition discussion for RedCap positioning with FH for 2Rx UEs can be considered concluded. What remains now is to clarify the side conditions for which the accuracy requirement for RedCap UE with 1Rx are defined. Based on the observations we made in one of our previous contributions (R4-2312732) the following are proposed.

Proposal 2: RSTD accuracy requirement for 1Rx RedCap UE (for both without FH and with FH cases) under fading propagation condition is defined for SINR values (-6, -10, -10) dB.
Proposal 3: UE Rx-Tx accuracy requirement for 1Rx RedCap UE (for both without FH and with FH cases) under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
Proposal 4: PRS-RSRP accuracy requirement for 1Rx RedCap UE (for both without FH and with FH cases) is defined for SINR values (-3, -10, -10) dB.
Proposal 5: PRS-RSRPP accuracy requirement for 1Rx RedCap UE (for both without FH and with FH cases) under two path propagation condition is defined for SINR values (-3, -10, -10) dB.  

PRS configuration for accuracy requirement
One of the other issues that RAN4 should discuss is the PRS bandwidth configurations for which the corresponding accuracy requirements are defined. For without FH the PRS configuration shall be limited to 20MHz in FR1 and 100MHz in FR2. For with FH the PRS configuration up to 100MHz after FH in FR1 and 400MHz after FH in FR2 shall be considered.
Proposal 6: 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.

Test cases 
Positioning measurement requirements for RedCap UEs are defined for the cases where the UE is capable of performing positioning measurements with FH and without FH. Measurement delay in both cases is different where the RF tuning time has no impact on the measurement delay defined for the case where UE does not perform Rx FH for PRS reception but the RF retuning time has an impact on the measurement delay that has been defined for the case where the UE performs Rx FH for PRS reception for positioning measurements. It is therefore our view that the test cases for measurement delay requirements needs to be defined for both without FH and with FH cases. For the without FH case, test cases defined in Rel. 17 can be reused. It shall be further noted that the measurement delay requirement for UEs with 2Rx and 1Rx capability are same and therefore there is no need to define sperate test cases for 2Rx and 1Rx RedCap UEs for positioning measurement delay validation purposes. 
When it comes to defining the test cases for performance requirement validation, it shall be noted that the accuracy requirements for 2Rx and 1Rx RedCap UEs are defined for different side conditions and therefore test cases for both cases, without FH and with FH, need to be defined. Similar to measurement delay test cases, accuracy test cases in Rel. 17 can be reused to define accuracy test cases for 2Rx RedCap UE for the without FH case. The other test cases, however, are new and therefore needs to be defined.
Proposal 7: Test cases for measurement delay requirements needs to be defined for both without FH and with FH cases.
Proposal 8: Rel. 17 test cases are reused to define measurement delay test cases for without FH case.
Proposal 9: Test cases for measurement accuracy requirements need to be defined for both without FH and with FH cases.
Proposal 10: Rel. 17 accuracy test cases are reused to define accuracy test case for 2Rx RedCap UE for the without FH case.


Summary
In this contribution issues related to performance requirement for RedCap positioning are discussed. Ericsson’s view on channel model, side conditions, PRS configuration and test cases for accuracy requirements are presented and are summarized in the observations and proposals below.
Observation 1: The propagation conditions for FR2 between without FH case and with FH case needs to be aligned.  
Observation 2: The requirements for fading channel in Rel. 17 are derived based on TDL-A (30 ns delay spread, 5Hz) and TDL-C (60 ns delay spread, 300 Hz) channel models for FR1 and FR2 respectively.
Observation 3: Agreed simulation assumptions for RedCap positioning with FH considers TDL-A (30 ns delay spread, 5Hz) channel model for RSTD and UE Rx-Tx measurements for both FR1 and FR2.
Observation 4: Channel model for RedCap positioning with FH in FR2 should be updated to TDL-C (60 ns delay spread, 300 Hz).
Proposal 1: Accuracy requirement for RedCap positioning with FH in FR2 is defined for TDL-C (60 ns delay spread, 300 Hz). R4-2314460 (simulation assumption document) is updated accordingly.
Observation 5: Rel-17 side conditions are reused for defining corresponding PRS requirements for 2Rx RedCap UE with FH.
Proposal 2: RSTD accuracy requirement for 1Rx RedCap UE (for both without FH and with FH cases) under fading propagation condition is defined for SINR values (-6, -10, -10) dB.
Proposal 3: UE Rx-Tx accuracy requirement for 1Rx RedCap UE (for both without FH and with FH cases) under fading propagation condition is defined for SINR values (-3, -10, -10) dB.
Proposal 4: PRS-RSRP accuracy requirement for 1Rx RedCap UE (for both without FH and with FH cases) is defined for SINR values (-3, -10, -10) dB.
Proposal 5: PRS-RSRPP accuracy requirement for 1Rx RedCap UE (for both without FH and with FH cases) under two path propagation condition is defined for SINR values (-3, -10, -10) dB.  
Proposal 6: 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.
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1. Introduction
RAN4#110 agreed on the updated simulation assumptions for RedCap UE positioning with FH. Agreed parameters for link level simulations are captured in Table 1 and Table 2. Companies are encouraged to provide simulation results based on the agreed performance metric in section 3 for RSTD and UE Rx-Tx measurements.
Simulation assumptions
[bookmark: _Ref139264887]Table 1. General parameters.
	Parameter
	Value

	
	FR1
	FR2

	Cell layout
	3 cells at distinct locations: <cell 1, cell 2, cell 3>, where cell 1 is the reference cell

	Network synchronization
	• Synchronous with time shifts <0, 0, 3 us>
• Asynchronous with time shifts: <0, 7 symbols, -7 symbols> 

	Duplex modes
	FDD and TDD

	TDD specific parameters (TDD configuration is in 38.133, section A.3.1.4)
	· TDDConf.1.1 (15 kHz)
· TDDConf.2.1 (30 kHz)
	· TDDConf.3.1 (120 kHz)

	Data and CCH load in PRS symbols
	no other cell transmissions in its positioning symbols, except PRS

	Data and CCH load in non-PRS symbols
	1. 50% utilization in time
1. 100% RE utilization

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency / BW / SCS / duplex mode
	· 2 GHz
· 15 kHz
· FDD, TDD
· 4 GHz
· 30 kHz, 60 kHz
· FDD, TDD
	· 40 GHz
· 60 kHz, 120 kHz
· TDD

	Propagation conditions
	AWGN, TDL-A (30 ns delay spread, 5Hz)
	AWGN, TDL-C (60 ns delay spread, 300 Hz)

	Es/Iot for three cells (cell 1, cell 2, cell 3), [dB]
	For 2Rx: Rel. 17 side conditions for Nsample = 4 and Nsample = 1.
For 1Rx: side conditions agreed for no FH case. 

	Number of samples
	4 and 1

	Number of UE receive antennas
	1 (only FR1), 2 (FR1 and FR2)

	UE measurement bandwidth in each hop
	15kHz = 10MHz
30kHz = 20MHz
60kHz (FR1) = 20MHz
60kHz (FR2) = 50MHz
120kHz = 100MHz

	UE total measurement bandwidth after all hops
	15kHz = 50MHz (6 hops)
30kHz = 100MHz (6 hops)
60kHz (FR1) = 100MHz (6 hops)
60kHz (FR2) = 200MHz (5 hops)
120kHz = 400MHz (5 hops)

	Number of overlapping PRBs between hops
	1 (other values are not precluded)

	Number of transmit PRS antennas
	1

	Cell ID, TRP ID, PRS Resource Set ID
	Selected to ensure non-overlapping PRS REs in frequency

	Number of DL PRS Resource sets for a positioning fix
	1 (including all PRS resource repetitions)

	PRS muting
	No muting, muting (comb 2) 

	Power boosting
	No power boosting

	ExpectedRSTD-UncertaintyNOTE 2
	5 us (15 kHz), 2.5 us (30 kHz), 0.625 us (120 kHz)

	NOTE 1: nr-DL-PRS-expectedRSTD-uncerainty is a member of NR-DL-PRS-AssistanceData which is a common NR positioning IE applicable to all positioning methods (see clause 6.4.3 of TS 37.355).
NOTE 2: Companies are encouraged to check suitability of the parameters and the values.
NOTE 3: Number of hops in UE total measurement bandwidth after all hops is calculated assuming number of overlapping PRBs between hops is 1. Other values for number of hops are not precluded.



[bookmark: _Ref139264898]Table 2. PRS transmission configuration parameters.
	Parameter
	Value

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	Sampling rate (Tc)

	
	15
	272
	6
	32

	
	30
	272
	6
	16

	
	60, FR1
	132
	6
	16

	
	60, FR2
	272
	6
	8

	
	120
	272
	6
	4

	PRS comb size
	4
	

	PRS symbol size
	4
	

	PRS periodicity
	40ms, 320ms
	

	TOA estimation 
	Realistic
	

	Path #
	First path
	

	NOTE 1: Repetition 6 is achieved by PRS in 6 consecutive slots with PRS-ResourceTimeGap=1. 



1 Performance metric
At least the following performance characteristics are to be provided for PRS RSTD:
· RSTD error CDFs for the 2 neighbour cells 
· 5%-ile and 95%-ile of the RSTD errors 
At least the following performance characteristics are to be provided for UE Rx-Tx:
· TUE-RX error CDFs for the 3 cells 
· 90%-ile of the TUE-RX errors for each cell
In the above, 
· RSTD error = estimated RSTD – ideal RSTD (based on perfect channel knowledge).
· UE Rx-Tx error = abs (estimated TUE-RX – ideal TUE-RX) (based on perfect channel and UE location knowledge).
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