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Introduction
The Rel-18 WID [1] for NR positioning contains several enhancements, including:
· Support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning. 
NR RedCap positioning has been studied in the FS_NR_pos_enh2 study item by RAN1 with company contributions and outcome of the study being captured in TR 38.859 [2]. In RAN4#108 [3], the link simulation assumptions for RedCap positioning with FH are agreed. The agreed parameters for link level simulations are captured in Table 1 and Table 2 in [4]. Also, the agreed performance metrics for RSTD and UE Rx-Tx measurements are provided in Section 3 [4]. 
The initial preliminary simulation results on RedCap positioning with FH are provided in [5]. In this contribution we further provide the simulation results for RedCap positioning. It is worth noting that the results are generated without RF/BB impairments. Also, note that PRB overlapping is considered between the frequency hops without phase shift and the results are provided for 1 Rx and 2 Rx antennas at the UE.
Simulation Assumptions
Simulation assumptions for RedCap positioning with FH captured in [4] are considered. The PRS configurations as listed in Table 1 were used in the simulation study.
	Carrier frequency
	SCS (kHz)
	PRS BW in RB
	sampling rate 
(Tc)
	Num 
Symbols
	Comb 
Size
	Repetition 
Factor (Rep)
	Number of overlapping PRBs between hops

	2 GHz
	15
	272
	32
	4
	4
	6
	1

	4 GHz
	30
	272
	16
	4
	4
	6
	1

	4 GHz
	60
	132
	16
	4
	4
	6
	1

	40 GHz
	60
	272
	8
	4
	4
	6
	1

	40 GHz
	120
	272
	4
	4
	4
	6
	1


[bookmark: _Ref142659683]Table 1: PRS configurations used for RSTD study for SCS = 15kHz, 30kHz, and 60 kHz.
Simulation Results
[bookmark: _Hlk127450045]In this section we provide the simulation results for the above listed simulation assumptions. The results are reported for 5-percentile and 95-percentile CDF of the DL RSTD error in Tc and for 90-percentile CDF of the UE Rx-Tx error in Tc for given Es/Iot for three cells [4].
FR2 RSTD Results, 2 Rx 
AWGN Channel
The DL RSTD errors in Tc for AWGN channel, derived from the 5%-ile and 95%-ile of the CDF, for Es/IoT of three cells (-6, -13, -13) dB and (-3, -6, -6) dB for 2 Rx antennas at the UE are listed in Table 2 and Table 3, respectively.
[bookmark: _Ref142661972]
	Carrier frequency / SCS 
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	Rep
	Number 
of 
samples
	RSTD (cell-1, cell-2)

	RSTD (cell-1, cell-3)


	
	
	
	
	
	
	5%-ile
	95%-ile
	5%-ile
	95%-ile

	40 GHz / 60 kHz
	272
	8
	4 / 4
	6
	1
	-8
	8
	-8
	8

	
	
	
	
	6
	4
	-4
	4
	-4
	4

	40 GHz / 120 kHz
	272
	4
	4 / 4
	6
	1
	-4
	4
	-4
	4

	
	
	
	
	6
	4
	-2
	2
	-2
	2


Table 2: RSTD error for AWGN channel in Tc, Es/IoT (cell-1, cell-2, cell-3) = (-6, -13, -13) dB.

	Carrier frequency / SCS 
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	Rep
	Number 
of 
samples
	RSTD (cell-1, cell-2)

	RSTD (cell-1, cell-3)


	
	
	
	
	
	
	5%-ile
	95%-ile
	5%-ile
	95%-ile

	40 GHz / 60 kHz
	272
	8
	4 / 4
	6
	1
	-8
	8
	-8
	8

	
	
	
	
	6
	4
	-4
	4
	-4
	4

	40 GHz / 120 kHz
	272
	4
	4 / 4
	6
	1
	-4
	4
	-4
	4

	
	
	
	
	6
	4
	-2
	2
	-2
	2


Table 3: RSTD error for AWGN channel in Tc, Es/IoT (cell-1, cell-2, cell-3) = (-3, -6, -6) dB.

TDL-A Channel
The DL RSTD errors in Tc for TDL-A channel, derived from the 5%-ile and 95%-ile of the CDF, for Es/IoT of three cells (-6, -13, -13) dB are listed in Table 4.
	Carrier frequency / SCS 
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	Rep
	Number 
of 
samples
	RSTD (cell-1, cell-2)

	RSTD (cell-1, cell-3)


	
	
	
	
	
	
	5%-ile
	95%-ile
	5%-ile
	95%-ile

	40 GHz / 60 kHz
	272
	8
	4 / 4
	6
	1
	-8
	8
	-8
	8

	
	
	
	
	6
	4
	-6
	6
	-6
	6

	40 GHz / 120 kHz
	272
	4
	4 / 4
	6
	1
	TBD
	4
	-12
	4

	
	
	
	
	6
	4
	-4
	4
	TBD
	4


Table 4: Rx-Tx error for AWGN channel in Tc, Es/IoT (cell-1, cell-2, cell-3) = (-6, -13, -13) dB.

FR1 RSTD Results, 1 Rx
TDL-A Channel
The DL RSTD errors in Tc for TDL-A channel, derived from the 5%-ile and 95%-ile of the CDF, for Es/IoT of three cells (-6, -10, -10) and (-3, -3, -6) dB are listed in Tables 6 and 7, respectively.
	Carrier frequency / SCS 
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	Rep
	Number 
of 
samples
	RSTD (cell-1, cell-2)

	RSTD (cell-1, cell-3)


	
	
	
	
	
	
	5%-ile
	95%-ile
	5%-ile
	95%-ile

	2 GHz / 15 kHz
	272
	32
	4 / 4
	6
	1
	-64
	64
	-64
	64

	
	
	
	
	6
	4
	-40
	48
	-56
	48

	4 GHz / 30 kHz
	272
	16
	4 / 4
	6
	1
	-32
	32
	-32
	32

	
	
	
	
	6
	4
	-24
	24
	-24
	20

	4 GHz / 60 kHz
	132
	16
	4 / 4
	6
	1
	-24
	24
	-32
	24

	
	
	
	
	6
	4
	-20
	22
	TBD
	18


Table 6: RSTD error for TDL-A channel in Tc, Es/IoT (cell-1, cell-2, cell-3) = (-6, -10, -10) dB.

	Carrier frequency / SCS 
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	Rep
	Number 
of 
samples
	RSTD (cell-1, cell-2)

	RSTD (cell-1, cell-3)


	
	
	
	
	
	
	5%-ile
	95%-ile
	5%-ile
	95%-ile

	2 GHz / 15 kHz
	272
	32
	4 / 4
	6
	1
	-32
	32
	-32
	32

	
	
	
	
	6
	4
	-32
	32
	-32
	32

	4 GHz / 30 kHz
	272
	16
	4 / 4
	6
	1
	-32
	16
	-32
	16

	
	
	
	
	6
	4
	-20
	16
	-20
	16

	4 GHz / 60 kHz
	132
	16
	4 / 4
	6
	1
	-24
	16
	-24
	16

	
	
	
	
	6
	4
	-16
	16
	-30
	16


Table 7: RSTD error for TDL-A channel in Tc, Es/IoT (cell-1, cell-2, cell-3) = (-3, -6, -6) dB.

FR1 UE Rx-Tx Results, 2 Rx
AWGN Channel
The UE Rx-Tx errors in Tc for AWGN channel, derived from the 90%-ile of the CDF, for Es/IoT of three cells (-3, -13, -13) dB and (0, -6, -6) dB are listed in Table 8 and Table 9, respectively.

	Carrier frequency / SCS 
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	Rep
	Number 
of 
samples
	90%-ile Cell 1
	90%-ile Cell 2
	90%-ile Cell 3

	2 GHz / 15 kHz
	272
	32
	4 / 4
	6
	1
	16
	16
	16

	
	
	
	
	6
	4
	8
	8
	8

	4 GHz / 30 kHz
	272
	16
	4 / 4
	6
	1
	8
	8
	8

	
	
	
	
	6
	4
	4
	4
	4

	4 GHz / 60 kHz
	132
	16
	4 / 4
	6
	1
	0
	0
	0

	
	
	
	
	6
	4
	0
	0
	0


Table 8: Rx-Tx error for AWGN channel in Tc, Es/IoT (cell-1, cell-2, cell-3) = (-3, -13, -13) dB.

	Carrier frequency / SCS 
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	Rep
	Number 
of 
samples
	90%-ile Cell 1
	90%-ile Cell 2
	90%-ile Cell 3

	2 GHz / 15 kHz
	272
	32
	4 / 4
	6
	1
	16
	16
	16

	
	
	
	
	6
	4
	8
	8
	8

	4 GHz / 30 kHz
	272
	16
	4 / 4
	6
	1
	8
	8
	8

	
	
	
	
	6
	4
	4
	4
	4

	4 GHz / 60 kHz
	132
	16
	4 / 4
	6
	1
	0
	0
	0

	
	
	
	
	6
	4
	0
	0
	0


Table 9: Rx-Tx error for AWGN channel in Tc, Es/IoT (cell-1, cell-2, cell-3) = (0, -6, -6) dB.
TDL-A Channel
The UE Rx-Tx errors in Tc for AWGN channel, derived from the 90%-ile of the CDF, for Es/IoT of three cells (--3, -13, -13) dB and (0, -6, -6) dB are listed in Table 8 and Table 9, respectively.

	Carrier frequency / SCS 
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	Rep
	Number 
of 
samples
	90%-ile Cell 1
	90%-ile Cell 2
	90%-ile Cell 3

	2 GHz / 15 kHz
	272
	32
	4 / 4
	6
	1
	-176
	-176
	-176

	
	
	
	
	6
	4
	-176
	-176
	-176

	4 GHz / 30 kHz
	272
	16
	4 / 4
	6
	1
	-88
	-88
	-72

	
	
	
	
	6
	4
	-84
	-84
	-84

	4 GHz / 60 kHz
	132
	16
	4 / 4
	6
	1
	-80
	-80
	-80

	
	
	
	
	6
	4
	-80
	-84
	-82
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FR2 UE Rx-Tx Results, 2 Rx
AWGN Channel
The UE Rx-Tx errors in Tc for AWGN channel, derived from the 90%-ile of the CDF, for Es/IoT of three cells (-3, -13, -13) dB and (0, -6, -6) dB are listed in Table 8 and Table 9, respectively.

	Carrier frequency / SCS 
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	Rep
	Number 
of 
samples
	90%-ile Cell 1
	90%-ile Cell 2
	90%-ile Cell 3

	40 GHz / 60 kHz
	272
	16
	4 / 4
	6
	1
	4
	4
	4

	
	
	
	
	6
	4
	2
	2
	2

	40 GHz / 120 kHz
	132
	16
	4 / 4
	6
	1
	2
	2
	2

	
	
	
	
	6
	4
	1
	1
	1


Table 8: Rx-Tx error for AWGN channel in Tc, Es/IoT (cell-1, cell-2, cell-3) = (-3, -13, -13) dB.

	Carrier frequency / SCS 
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	Rep
	Number 
of 
samples
	90%-ile Cell 1
	90%-ile Cell 2
	90%-ile Cell 3

	40 GHz / 60 kHz
	272
	16
	4 / 4
	6
	1
	4
	4
	4

	
	
	
	
	6
	4
	2
	2
	2

	40 GHz / 120 kHz
	132
	16
	4 / 4
	6
	1
	2
	2
	2

	
	
	
	
	6
	4
	1
	1
	1
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TDL-A Channel
The UE Rx-Tx errors in Tc for AWGN channel, derived from the 90%-ile of the CDF, for Es/IoT of three cells (-3, -13, -13) dB and (0, -6, -6) dB are listed in Table 8 and Table 9, respectively.

	Carrier frequency / SCS 
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	Rep
	Number 
of 
samples
	90%-ile Cell 1
	90%-ile Cell 2
	90%-ile Cell 3

	4 GHz / 30 kHz
	272
	16
	4 / 4
	6
	1
	-28
	-28
	-28

	
	
	
	
	6
	4
	-28
	-28
	-28

	4 GHz / 60 kHz
	132
	16
	4 / 4
	6
	1
	-2
	-2
	-2

	
	
	
	
	6
	4
	-1
	-1
	-1


Table 8: Rx-Tx error for TDL-A channel in Tc, Es/IoT (cell-1, cell-2, cell-3) = (-3, -13, -13) dB.

	Carrier frequency / SCS 
	PRS BW 
in RB
	sampling rate 
(Tc)
	Num Symbols/ Comb Size
	Rep
	Number 
of 
samples
	90%-ile Cell 1
	90%-ile Cell 2
	90%-ile Cell 3

	4 GHz / 30 kHz
	272
	16
	4 / 4
	6
	1
	-28
	-28
	-28

	
	
	
	
	6
	4
	-28
	-28
	-28

	4 GHz / 60 kHz
	132
	16
	4 / 4
	6
	1
	-2
	-2
	-2

	
	
	
	
	6
	4
	-1
	-1
	-1


Table 9: Rx-Tx error for TDL-A channel in Tc, Es/IoT (cell-1, cell-2, cell-3) = (0, -6, -6) dB.

Discussion
From the RSTD and UE Rx-Tx results reported above for the AWGN and TDL-A channels using 1 and 2 UE receive antennas with overlapping PRBs between frequency hops and without RF/BB impairments, we observed:
When AWGN and TDL-A channel are used, for a given bandwidth, the measurement accuracy improves with the increasing number of measurement samples. 
Increasing the UE total measurement bandwidth after all hops from 50 MHz (SCS 15 kHz) to 100 MHz (SCS 30 and 60 kHz) improves the measurement accuracy when AWGN or TDL-A channels are used.
For the AWGN channel, Es/IoT of (-6, -13, -13) yields the same results as (-3, -6, -6) indicating that, based on the current simulation setup, the Es/IoT of (-6, -13, -13) is still enough to successfully detect the first path. 
The simulation results show that the performance changes depending on the number of measurement samples in all cases of the different SNRs with AWGN and TDL-A channel models. 
For the TDL-A channel, the simulation RSTD results show that the performance is improved when 2 Rx antennas are used at the UE. Other cases showed a similar performance (for RSTD and UE Rx-Tx results) when 1 or 2 Rx antennas are used at the UE.
Using 4 measurement samples should be the baseline to define the performance requirements.   
For the alignment of simulation results, RAN4 should discuss the modeling of the frequency impairments due to phase shifts between frequency hops and include the PRB overlap as a parameter in the simulation assumptions.
RAN4 to discuss the modeling of the frequency impairments due to phase shifts between frequency hops and include the PRB overlap as a parameter in the simulation assumptions. 
Conclusion
In this contribution we have provided first simulation results for DL RSTD and UE Rx-Tx error without RF/BB impairments based on simulation assumptions in [4]. 
Following observations and proposals are made.
1. When AWGN and TDL-A channel are used, for a given bandwidth, the measurement accuracy improves with the increasing number of measurement samples. 
1. Increasing the UE total measurement bandwidth after all hops from 50 MHz (SCS 15 kHz) to 100 MHz (SCS 30 and 60 kHz) improves the measurement accuracy when AWGN or TDL-A channels are used.
1. For the AWGN channel, Es/IoT of (-6, -13, -13) yields the same results as (-3, -6, -6) indicating that, based on the current simulation setup, the Es/IoT of (-6, -13, -13) is still enough to successfully detect the first path. 
1. The simulation results show that the performance changes depending on the number of measurement samples in all cases of the different SNRs with AWGN and TDL-A channel models. 
1. For the TDL-A channel, the simulation RSTD results show that the performance is improved when 2 Rx antennas are used at the UE. Other cases showed a similar performance (for RSTD and UE Rx-Tx results) when 1 or 2 Rx antennas are used at the UE.
1. Using 4 measurement samples should be the baseline to define the performance requirements. 
1. RAN4 to discuss the modeling of the frequency impairments due to phase shifts between frequency hops and include the PRB overlap as a parameter in the simulation assumptions. 
1. 
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