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Introduction
RRM impacts for Rel-18 positioning are discussed in RAN4#106, and the outcomes are captured in [1]. One objective is to support RedCap positioning. For the case without FH, RAN4 agreed that existing requirements can be re-used for 2RX RedCap, while for 1RX RedCap further link level simulation is needed.
	1. Issue 4-1-1: PRS measurement requirements for 2Rx without frequency hopping:
Agreements:
· Reuse Rel. 17 core requirements to define core requirements for RedCap UE positioning in RRC_CONNECTED state for 2Rx RedCap UE for FDD/TDD without frequency hopping. FFS on RRC_INACTIVE state.

	Issue 4-1-2: PRS measurement requirements for 1Rx without frequency hopping:
Agreements:
· RAN4 to evaluate whether it is feasible to reuse the existing PRS measurement periods in 38.133, Rel-17 for PRS measurements for 1Rx RedCap UE and the impact on side conditions and PRS measurement accuracies. 
· The evaluation is based on link level simulations.


RAN4 has agreed simulation assumption for 1RX in [2]. In this paper we will provide our initial simulation results for PRS measurement with 1RX.
Discussion
Simulation results for 1RX are provided for FR1 only. As discussed in our companion paper, 1RX is not applicable to RedCap in FR2. In addition, although in [2] the number of samples are defined as 4, we also simulated single sample because corresponding requirements exist for 2RX in the spec. The simulated cases include:
· RSTD
· 4-sample, Es/Iot of (-6,-13)dB, AWGN
· 4-sample, Es/Iot of (-6,-13)dB, TDL-A
· 1-sample, Es/Iot of (-3,-6)dB, AWGN
· UE Rx-Tx
· 4-sample, Es/Iot of -3dB, AWGN
· 4-sample, Es/Iot of -13dB, AWGN
· 4-sample, Es/Iot of -3dB, TDL-A
· 4-sample, Es/Iot of -13dB, TDL-A
· 1-sample, Es/Iot of 0dB, AWGN
· 1-sample, Es/Iot of -6dB, AWGN
The simulation results for RSTD are in Table 1-3, and UE Rx-Tx in Table 4-9. Current requirements for 2RX in the spec are also listed for comparison. The value 9999 means for the TOA error is very large and like a random value, i.e. the first path is not detected. 
Table 1: RSTD error for 4-sample, Es/Iot of (-6,-13)dB, AWGN
	Parameter
	Value
	RSTD error
	Current requirement

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	90%
	

	
	15
	24
	4
	180
	132

	
	
	52
	1
	136
	98

	
	
	104
	1
	75
	42

	
	30
	24
	4
	112
	75

	
	
	48
	1
	75
	48

	
	60
	24
	4
	78
	50


Table 2: RSTD error for 4-sample, Es/Iot of (-6,-13)dB, TDL-A
	Parameter
	Value
	RSTD error
	Current requirement

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	90%
	

	
	15
	24
	4
	267
	247

	
	
	52
	1
	9999
	140

	
	
	104
	1
	9999
	86

	
	30
	24
	4
	192
	118

	
	
	48
	1
	9999
	109

	
	60
	24
	4
	153
	147


Table 3: RSTD error for 1-sample, Es/Iot of (-3,-6)dB, AWGN
	Parameter
	Value
	RSTD error
	Current requirement

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	90%
	

	
	15
	52
	1
	172
	98

	
	
	104
	1
	98
	42

	
	30
	48
	1
	102
	48



Table 4: UE Rx-Tx error for 4-sample, Es/Iot of -3dB, AWGN
	Parameter
	Value
	Rx-Tx error
	Current requirement


	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	90%
	

	
	15
	24
	4
	112
	78

	
	
	52
	1
	88
	59

	
	
	104
	1
	42
	30

	
	30
	24
	4
	75
	57

	
	
	48
	1
	48
	30

	
	60
	24
	4
	50
	29


Table 5: UE Rx-Tx error for 4-sample, Es/Iot of -13dB, AWGN
	Parameter
	Value
	Rx-Tx error
	Current requirement

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	90%
	

	
	15
	24
	4
	135
	101

	
	
	52
	1
	118
	75

	
	
	104
	1
	52
	37

	
	30
	24
	4
	92
	58

	
	
	48
	1
	63
	39

	
	60
	24
	4
	60
	36


Table 6: UE Rx-Tx error for 4-sample, Es/Iot of -3dB, TDL-A
	Parameter
	Value
	Rx-Tx error
	Current requirement

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	90%
	

	
	15
	24
	4
	216
	137

	
	
	52
	1
	172
	96

	
	
	104
	1
	124
	62

	
	30
	24
	4
	156
	87

	
	
	48
	1
	122
	68

	
	60
	24
	4
	118
	59


Table 7: UE Rx-Tx error for 4-sample, Es/Iot of -13dB, TDL-A
	Parameter
	Value
	Rx-Tx error
	Current requirement

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	90%
	

	
	15
	24
	4
	245
	180

	
	
	52
	1
	9999
	98

	
	
	104
	1
	9999
	68

	
	30
	24
	4
	175
	87

	
	
	48
	1
	9999
	85

	
	60
	24
	4
	144
	139


Table 8: UE Rx-Tx error for 1-sample, Es/Iot of 0dB, AWGN
	Parameter
	Value
	Rx-Tx error
	Current requirement

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	90%
	

	
	15
	52
	1
	75
	59

	
	
	104
	1
	47
	30

	
	30
	48
	1
	46
	30


Table 9: UE Rx-Tx error for 1-sample, Es/Iot of -6dB, AWGN
	Parameter
	Value
	Rx-Tx error
	Current requirement

	SCS, RB num, Repetition
	SCS (kHz)
	RB num
	Repetition (Note)
	90%
	

	
	15
	52
	1
	96
	75

	
	
	104
	1
	58
	37

	
	30
	48
	1
	55
	39


Based on the results, we made the following observations.
Observation 1: For RSTD and UE Rx-Tx, with Es/Iot of -13dB and TDL-A channel, the first path detection performance is poor (detection rate <90%) with 1RX.
Observation 2: For RSTD and UE Rx-Tx, for other cases than Es/Iot of -13dB and TDL-A channel, the TOA estimation error is larger with 1RX.
The performance degradation with 1RX is due to the fact that UE cannot do combining across two RX branches, and the effective Es/Iot is lower compared to 2RX.
Conclusions
In this paper we provided our initial simulation results for PRS measurement with 1RX.
Observation 1: For RSTD and UE Rx-Tx, with Es/Iot of -13dB and TDL-A channel, the first path detection performance is poor (detection rate <90%) with 1RX.
Observation 2: For RSTD and UE Rx-Tx, for other cases than Es/Iot of -13dB and TDL-A channel, the TOA estimation error is larger with 1RX.
Reference
[1]. R4-2303190, WF on Expanded and Improved NR Positioning RRM requirements, Ericsson
[2]. R4-2303318, Simulation assumptions for 1Rx RedCap UE PRS measurements, Ericsson
8

2

