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Introduction
The RedCap WID [1] defines among its objectives the specification of support for UEs with reduced maximum UE bandwidth and reduced minimum number of Rx branches, which impacts on the UE performance. Since these assumptions are different from the ones used on the definition of the RRM requirements for NR UEs, RAN4 is currently working on defining requirements for RedCap UEs.
In RAN4 #100e, the simulation assumptions for RLM and BFD requirements were agreed in [2]. RAN4 is investigating whether the number of samples considered for RLM/BFD evaluation period needs to be changed for RedCap UEs to consider the channel quality accuracy degradation caused by reduced the number of Rx branches.
In RAN4 #101e, companies brought simulation results based on the agreed assumptions, and the following was agreed: 
	Requirements for 60 kHz SCS for CSI-RS based RLM in FR1
RAN4 to not introduce requirements for 60 kHz SCS in FR1 for RedCap RLM requirements.
SSB-based RLM : evaluation period for Qout
· Option 1: No need to extend the Qout evaluation period for RLM
· Option 2: The measurement period of SSB based SINR is extended by factor N to guarantee accuracy for RLM Qout for RedCap UE with 1 Rx, where N is FFS (N>1).
· The evaluation period of SSB based SINR is not extended for RLM Qout for RedCap UE with 2 Rx.
SSB-based RLM : evaluation period for Qin
· Option 1: No need to extend the Qin evaluation period for RLM
· Option 2: The measurement period of SSB based SINR is extended by factor M to guarantee accuracy for RLM Qin for RedCap UE with 1 Rx, where M is FFS (M>1).
· The evaluation period of SSB based SINR is not extended for RLM Qin for RedCap UE with 2 Rx.
CSI-RS-based RLM : evaluation period for Qout
· Option 1: No need to extend the Qout evaluation period for RLM
· Option 2: The measurement period of CSI-RS based SINR is extended by factor N to guarantee accuracy for RLM Qout for RedCap UE with 1 Rx, where N is FFS (N ≥ 1.0).
· The evaluation period of CSI-RS based SINR is not extended for RLM Qout for RedCap UE with 2 Rx.
CSI-RS-based RLM : evaluation period for Qin
· Option 1: No need to extend the Qin evaluation period for RLM
· Option 2: The measurement period of CSI-RS based SINR is extended by factor M to guarantee accuracy for RLM Qin for RedCap UE with 1 Rx, where M is FFS (M ≥ 1).
· The evaluation period of CSI-RS based SINR is not extended for RLM Qin for RedCap UE with 2 Rx.
Enhancements to hypothetical PDCCH parameters for RLM
Companies are encouraged to provide PDCCH simulation results according to R4-2120386.
Requirements for 60 kHz SCS for CSI-RS based BFD in FR1
RAN4 to not introduce requirements for 60 kHz SCS in FR1 for RedCap BFD requirements.
Condition for BFD for HD-FDD UE
Reuse the corresponding agreement from RLM. 
Enhancements to hypothetical PDCCH parameters for RLM
Companies are encouraged to provide PDCCH simulation results according to R4-2120386.




This document presents simulation results with the agreed assumptions and discusses the RLM requirements for RedCap UEs.
SSB-based and CSI-based RLM
Performance metric
The simulation assumptions agreed in [2] determined that the performance metrics for the RLM & BFD simulations would be the delta SINR:
	The UE performs signal and interference measurements based on RLM-RS or BFD-RS (i.e. SS block or CSI-RS) to derive a downlink link quality metric (e.g. SINR) as same as Rel-15 RLM/BFD. 
The CDF curves are to be provided for measurement errors for downlink link quality metric:
•    Delta SINR = (estimated SINR – ideal SINR)     [dB]
Interest companies are encouraged to evaluate the measurement accuracy impact due to 1Rx.



In the last RAN4 meeting, some companies presented the delta SINR in the 5th, 50th and 95th percentile. Others calculated the degradation between the 5th and the 95th percentiles and compared the results between UEs with 1RX and 2 RXs. It is our view, that the results should all be presented in the same metric.
In the last RAN4 meeting, the RLM simulation results from different companies were presented in different formats.
Therefore, it is proposed:
For the simulations with 1 RX, update the performance metric in the RLM and BFD simulation assumptions as follows: 
· DeltaSINR = estimated SINR – ideal SINR
· Accuracy = max( abs( DeltaSINR(95th percentile),1Rx), abs(DeltaSINR(5th percentile) ,1Rx)
For the comparison of results with 1 RX and 2 RX, update the performance metric in the RLM and BFD simulation assumptions as follows: 
· DeltaSINR = estimated SINR – ideal SINR
· Degradation(5th percentile) := (DeltaSINR(5th percentile), 2Rx, N samples) - (DeltaSINR(5th percentile), 1Rx, N samples)
· Degradation(95th percentile) := (DeltaSINR(95th percentile), 2Rx, N samples) - (DeltaSINR(95th percentile), 1Rx, N samples)
· Degradation = max(abs(degradation(95th percentile) ), abs(degradation(5th percentile))
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The simulation parameters are shown in Appendix A and the results are summarized in Tables 1 to 5, in which, the columns comparison of results with 5 and 10 samples are relevant for in-sync evaluation (IS), while the comparison of results with 10 and 20 samples are relevant for the out-of-sync evaluation. In this section, the results are presented in terms of the SINR measurement accuracy based on SSB for different channel models and number of samples, where the degradation is defined as follows:
· DeltaSINR = estimated SINR – ideal SINR
· Accuracy = max( abs( DeltaSINR(95th percentile),1Rx), abs(DeltaSINR(5th percentile) ,1Rx)
[bookmark: _Ref91076338]
The values in light grey are not relevant for this discussion, since the evaluation period with 5 samples is considered in baseline Rel-15 NR only for IS evaluations, which are done in higher SINR side conditions. 
The simulation results presented in Table 1 to Table 5 show that there is an improvement in the accuracy of the SINR estimation when the number of samples used for RLM is increased. The improvement is: 
· OOS (from 10 to 20 samples): SINR accuracy improvement up to 0.49 in FR1 (TDLA, 30 kHz SCS) and up to 0.36 dB in FR2 (AWGN, 120 kHz SCS)
· IS (from 5 to 10 samples): SINR accuracy improvement up to 0.41 dB in FR1 (TDLB, 15 kHz SCS) and up to 0.35 dB in FR2 (TDLA, 120 kHz SCS).
The simulation results with 1 RX show that increasing the number of samples considered for the IS and OOS evaluation periods for SSB based RLM does improve the SINR estimation accuracy. However, this improvement is at most 0.49 dB in the evaluated scenarios in FR1 and FR2.

Table 1 - SINR accuracy degradation for RedCap UEs with 1 RX, for 15 kHz SCS in AWGN and TDL-A 30 ns channels
	
	SINR Accuracy with 1 RX [dB]

	
	AWGN 15kHz 
	TDL-A 30ns 15kHz

	SINR [dB]
	5 samples
	10 samples
	20 samples
	5 samples
	10 samples
	20 samples

	-10
	3.14
	2.62
	2.22
	3.52
	2.78
	2.29

	-8
	2.65
	2.27
	1.96
	2.97
	2.37
	2

	-6
	2.33
	2.02
	1.78
	2.48
	2.09
	1.8

	-4
	2.1
	1.86
	1.67
	2.21
	1.9
	1.67



Table 2 - SINR accuracy degradation for RedCap UEs with 1 RX, for 15 kHz SCS in TDL-B-100ns and TDL-C 300 ns channels
	
	SINR Accuracy with 1 RX [dB]

	
	TDL-B 100ns 15 kHz
	TDL-C 300ns 15kHz

	SINR [dB]
	5 samples
	10 samples
	20 samples
	5 samples
	10 samples
	20 samples

	-10
	3.4
	2.69
	2.26
	3.32
	2.7
	2.29

	-8
	2.83
	2.31
	1.98
	2.79
	2.31
	2.01

	-6
	2.47
	2.04
	1.8
	2.43
	2.02
	1.82

	-4
	2.22
	1.87
	1.68
	2.18
	1.85
	1.7



Table 3 - SINR accuracy degradation for RedCap UEs with 1 RX, for 30 kHz SCS in AWGN and TDL-A 30 ns channels
	
	SINR Accuracy with 1 RX [dB]

	
	AWGN 30kHz 
	TDL-A 30ns 30kHz

	SINR [dB]
	5 samples
	10 samples
	20 samples
	5 samples
	10 samples
	20 samples

	-10
	3.04
	2.61
	2.28
	3.41
	2.72
	2.23

	-8
	2.61
	2.25
	2.02
	2.8
	2.31
	1.95

	-6
	2.29
	2.03
	1.85
	2.42
	2.03
	1.77

	-4
	2.08
	1.86
	1.71
	2.14
	1.85
	1.66



[bookmark: _Ref91076340]Table 4 SINR accuracy degradation for RedCap UEs with 1 RX, for 30 kHz SCS in TDL-B-100ns and TDL-C 300 ns channels
	
	SINR Accuracy with 1 RX [dB]

	
	TDL-B 100ns 30 kHz
	TDL-C 300ns 30kHz

	SINR [dB]
	5 samples
	10 samples
	20 samples
	5 samples
	10 samples
	20 samples

	-10
	3.32
	2.7
	2.29
	3.22
	2.62
	2.27

	-8
	2.79
	2.31
	2.01
	2.74
	2.3
	1.99

	-6
	2.43
	2.02
	1.82
	2.37
	2.03
	1.79

	-4
	2.18
	1.85
	1.7
	2.13
	1.86
	1.67
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	SINR Accuracy with 1 RX [dB]

	
	AWGN 120kHz 
	TDL-A 30ns 120kHz

	SINR [dB]
	5 samples
	10 samples
	20 samples
	5 samples
	10 samples
	20 samples

	-10
	3.11
	2.75
	2.39
	3.2
	2.62
	2.35

	-8
	2.60
	2.37
	2.08
	2.66
	2.27
	2.05

	-6
	2.25
	2.07
	1.86
	2.36
	2.01
	1.86

	-4
	2.03
	1.90
	1.72
	2.07
	1.85
	1.71



Comparison of the SINR accuracy degradation between UEs with 1 RX and 2 RX
In order to compare the performance of RedCap UEs with the baseline RLM requirements in TS 38.133, in this Section, we show the SINR accuracy degradation between UEs with 1 RX and 2 RX, for a given number of samples. The results are presented in Table 6 to Table 15. The SINR accuracy degradation is defined as: 
· DeltaSINR = estimated SINR – ideal SINR
· SINR accuracy degradation(5th percentile) := (DeltaSINR(5th percentile), 2Rx, N samples) - (DeltaSINR(5th percentile), 1Rx, N samples)
· SINR accuracy degradation(95th percentile) := (DeltaSINR(95th percentile), 2Rx, N samples) - (DeltaSINR(95th percentile), 1Rx, N samples)
· SINR accuracy degradation = max(abs(SINR accuracy degradation(95th percentile) ), abs(SINR accuracy degradation(5th percentile))

When comparing the results between NR UEs with 2 RXs and RedCap UEs with 1 RX, for the same number of samples, it is observed that the SINR accuracy degradation due to reducing the number of RX branches is: 
· IS: Up to 0.5 dB in FR1 (AWGN, 15kHz) and up to 0.54 dB in FR2 (TDLA, 120 kHz SCS)
· OOS: Up to 0.61 dB in FR1 (AWGN, 15kHz) and up to 0.43 dB in FR2 (TDLA, 120 kHz SCS)
According to our simulation results, the SINR accuracy degradation when comparing the results with 2 RX and 1 RX for SSB based RLM in-sync (5 samples), is up to 0.5 dB in FR1 and 0.54 dB in FR2. 
According to our simulation results, the SINR accuracy degradation when comparing the results with 2 RX and 1 RX for SSB based RLM out-of-sync (10 samples), is up to 0.61 dB in FR1 and 0.43 dB in FR2. 

When changing the evaluation periods for OOS and IS for SSB-based RLM for RedCap UEs with 1RX, there is a trade-off between the accuracy of the SINR estimation, and the delay in case the evaluation periods are extended. Our view is that, according to the presented results, the degradation in the SINR estimation between UEs with 1RX and 2 TX is not sufficient to justify the increase in the evaluation periods. 
In any case, any decision that RAN4 makes in terms of extending the evaluation periods should be based on a threshold, so that it is possible to compare the results from different companies.
For SSB-based RLM, RAN4 to define a threshold of SINR accuracy degradation of [0.7] dB, to decide whether to increase the evaluation period for OOS and IS for RedCap UEs with 1 RX.
Do not extend the evaluation periods for SSB-based OOS and IS evaluation for RedCap UEs with 1 RX.

Results with 15 kHz SCS
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	SINR accuracy degradation [dB]

	
	AWGN 15kHz 
	TDL-A 30ns 15kHz

	SINR [dB]
	5 samples
	10 samples
	20 samples
	5 samples
	10 samples
	20 samples

	-10
	1.18
	0.61
	0.27
	0.78
	0.35
	0.05

	-8
	0.69
	0.44
	0.22
	0.43
	0.17
	0.05

	-6
	0.5
	0.32
	0.18
	0.26
	0.14
	0.02

	-4
	0.39
	0.25
	0.14
	0.19
	0.06
	0.01



Table 7 - SINR accuracy degradation between RedCap UEs with 1 RX and 2 RX for TDLB and TDLC channels with15 kHz SCS
	
	SINR accuracy degradation [dB]

	
	TDL-B 100ns 15kHz 
	TDL-C 300ns 15kHz

	SINR [dB]
	5 samples
	10 samples
	20 samples
	5 samples
	10 samples
	20 samples

	-10
	0.81
	0.39
	0.06
	0.88
	0.39
	0.08

	-8
	0.49
	0.22
	0.03
	0.55
	0.15
	0.01

	-6
	0.28
	0.12
	0.03
	0.3
	0.07
	0.02

	-4
	0.14
	0.06
	0.02
	0.15
	0.02
	0.02



Results with 30 kHz SCS
Table 8 - SINR accuracy degradation between RedCap UEs with 1 RX and 2 RX for AWGN and TDLA channels with 30 kHz SCS
	
	SINR accuracy degradation [dB]

	
	AWGN 15kHz 
	TDL-A 30ns 15kHz

	SINR [dB]
	5 samples
	10 samples
	20 samples
	5 samples
	10 samples
	20 samples

	-10
	0.91
	0.53
	0.41
	0.63
	0.26
	0.29

	-8
	0.65
	0.38
	0.31
	0.39
	0.16
	0.2

	-6
	0.42
	0.28
	0.22
	0.19
	0.1
	0.14

	-4
	0.33
	0.22
	0.17
	0.15
	0.08
	0.08



Table 9 - SINR accuracy degradation between RedCap UEs with 1 RX and 2 RX for TDLB and TDLC channels with 30 kHz SCS
	
	SINR accuracy degradation [dB]

	
	TDL-B 100ns 15kHz 
	TDL-C 300ns 15kHz

	SINR [dB]
	5 samples
	10 samples
	20 samples
	5 samples
	10 samples
	20 samples

	-10
	0.82
	0.39
	0.21
	0.88
	0.43
	0.28

	-8
	0.49
	0.22
	0.16
	0.58
	0.24
	0.2

	-6
	0.33
	0.09
	0.07
	0.4
	0.17
	0.14

	-4
	0.21
	0.07
	0.06
	0.25
	0.14
	0.11




Results with 120 kHz SCS
Table 10 - SINR accuracy degradation between RedCap UEs with 1 RX and 2 RX for AWGN channel and TDL-A channels with 120 kHz SCS
	
	SINR accuracy degradation [dB]

	
	AWGN 120kHz 
	TDL-A 30ns 120kHz

	SINR [dB]
	5 samples
	10 samples
	20 samples
	5 samples
	10 samples
	20 samples

	-10
	1.03
	0.36
	0.31
	0.66
	0.43
	0.45

	-8
	0.63
	0.31
	0.18
	0.57
	0.3
	0.39

	-6
	0.47
	0.28
	0.17
	0.54
	0.27
	0.32

	-4
	0.35
	0.18
	0.11
	0.35
	0.15
	0.26



CSI-RS based RLM RLM requirements for RedCap UEs with 1 Rx
The simulation parameters are shown in Appendix A (Table 32) and the results are summarized in Tables 11 to 15. In this document, the results are presented in terms of the SINR accuracy, as defined previously. The simulation results presented in Table 11 to Table 15 show that there is an improvement in the accuracy of the SINR estimation when the number of samples used for RLM is increased. The improvement is: 
· OOS (from 20 to 40 samples): improves SINR accuracy up to 0.7 dB in FR1 (TDLC, 30 kHz SCS) and up to 1.03 dB in FR2 (TDLA, 120 kHz SCS)
· IS (from 10 to 20 samples): SINR accuracy improvement up to 0.53 dB in FR1 (TDLB, 30 kHz SCS) and up to 0.7 dB in FR2 (TDLA, 120 kHz SCS).
For CSI-RS based RLM, the simulation results with 1 RX show that increasing the number of samples considered for the IS and OOS evaluation periods does improve the SINR estimation accuracy. The improvement is up to 1.03 dB in FR2 and 0.7 dB in FR1.

Table 11 - SINR accuracy degradation for RedCap UEs with 1 RX, for 15 kHz SCS in AWGN and TDL-A 30 ns channels
	
	CSI-RS based RLM - SINR accuracy degradation with 1 RX [dB]

	
	AWGN 15kHz 
	TDL-A 30ns 15kHz

	SINR [dB]
	10 samples
	20 samples
	40 samples
	10 samples
	20 samples
	40 samples

	-10
	2.44
	1.57
	1.04
	2.26
	1.67
	1.08

	-8
	1.8
	1.1
	0.67
	1.6
	1.19
	0.78

	-6
	1.26
	0.79
	0.48
	1.21
	0.9
	0.59

	-4
	0.96
	0.58
	0.38
	0.94
	0.7
	0.45



Table 12 - SINR accuracy degradation for RedCap UEs with 1 RX, for 15 kHz SCS in TDL-B-100ns and TDL-C 300 ns channels
	
	CSI-RS based RLM - SINR accuracy degradation with 1 RX [dB]

	
	TDL-B 100ns 15 kHz
	TDL-C 300ns 15kHz

	SINR [dB]
	10 samples
	20 samples
	40 samples
	10 samples
	20 samples
	40 samples

	-10
	2.28
	1.73
	1.15
	2.56
	1.65
	1.14

	-8
	1.67
	1.25
	0.83
	1.7
	1.14
	0.76

	-6
	1.27
	0.95
	0.65
	1.24
	0.84
	0.56

	-4
	0.95
	0.74
	0.51
	0.93
	0.63
	0.4



Table 13 - SINR accuracy degradation for RedCap UEs with 1 RX, for 30 kHz SCS in AWGN and TDL-A 30 ns channels
	
	CSI-RS based RLM - SINR accuracy degradation with 1 RX [dB]

	
	AWGN 30kHz 
	TDL-A 30ns 30kHz

	SINR [dB]
	10 samples
	20 samples
	40 samples
	10 samples
	20 samples
	40 samples

	-10
	1.94
	1.39
	1.01
	3.85
	2.68
	2.03

	-8
	1.41
	1.01
	0.71
	2.46
	1.76
	1.36

	-6
	1.06
	0.75
	0.53
	1.71
	1.24
	0.92

	-4
	0.81
	0.58
	0.41
	1.23
	0.9
	0.69



Table 14 SINR accuracy degradation for RedCap UEs with 1 RX, for 30 kHz SCS in TDL-B-100ns and TDL-C 300 ns channels
	
	CSI-RS based RLM - SINR accuracy degradation with 1 RX [dB]

	
	TDL-B 100ns 30 kHz
	TDL-C 300ns 30kHz

	SINR [dB]
	10 samples
	20 samples
	40 samples
	10 samples
	20 samples
	40 samples

	-10
	3.7
	2.34
	2
	3.68
	2.66
	1.96

	-8
	2.38
	1.57
	1.31
	2.48
	1.81
	1.39

	-6
	1.63
	1.1
	0.9
	1.75
	1.32
	1.01

	-4
	1.17
	0.79
	0.64
	1.35
	1
	0.8



Table 15 SINR accuracy degradation for RedCap UEs with 1 RX, for 120 kHz SCS in AWGN and TDL-A 30 ns
	
	CSI-RS based RLM - SINR accuracy degradation with 1 RX [dB]

	
	AWGN 120kHz 
	TDL-A 30ns 120kHz

	SINR [dB]
	10 samples
	20 samples
	40 samples
	10 samples
	20 samples
	40 samples

	-10
	3.31
	2.21
	1.39
	3.79
	2.44
	1.41

	-8
	2.14
	1.44
	0.92
	2.57
	1.54
	0.99

	-6
	1.50
	0.99
	0.64
	1.78
	1.11
	0.71

	-4
	1.11
	0.72
	0.48
	1.27
	0.82
	0.55



Comparison of the SINR accuracy degradation between UEs with 1 RX and 2 RX
In order to compare the performance of RedCap UEs with the baseline RLM requirements in TS 38.133, in this Section, we show the SINR accuracy degradation between UEs with 1 RX and 2 RX, for a given number of samples. The results are presented in Tables 16 to 20. The comparison is done in terms of the SINR accuracy degradation as defined previously. 
When comparing the results between NR UEs with 2 RXs and RedCap UEs with 1 RX, for the same number of samples, it is observed that the degradation due to reducing the number of RX branches is: 
· IS: Up to 0.84 dB in FR1 (AWGN, 30kHz) and up to 1.07 dB in FR2 (AWGN, 120 kHz SCS)
· OOS: Up to 1.6 dB in FR1 (AWGN, 15kHz) and up to 1.55 dB in FR2 (TDLA, 120 kHz SCS)
According to our simulation results, the SINR accuracy degradation when comparing the results with 2 RX and 1 RX for SSB based RLM in-sync (10 samples), is up to 0.84 dB in FR1 and 1.07 dB in FR2. 
According to our simulation results, the SINR accuracy degradation when comparing the results with 2 RX and 1 RX for SSB based RLM out-of-sync (20 samples), is up to 1.6 dB in FR1 and 1.55 dB in FR2. 

When changing the evaluation periods for OOS and IS for CSI-RS -based RLM for RedCap UEs with 1RX, there is a trade-off between the accuracy of the SINR estimation, and the delay in case the evaluation periods are extended. In any case, any decision that RAN4 makes in terms of extending the evaluation periods should be based on a threshold, so that it is possible to compare the results from different companies, as also proposed for the SSB-based RLM.
Our view is that, according to the presented results, the degradation in the SINR estimation between UEs with 1RX and 2 TX for CSI-RS based RLM justifies changing the evaluation periods. Therefore:
For CSI-RS based RLM, RAN4 to define a threshold of SINR accuracy degradation of [0.7] dB, to decide whether to increase the evaluation period for OOS and IS for RedCap UEs with 1 RX.
RAN4 to extend the evaluation period for CSI-RS based RLM: 20 samples for in-sync evaluation and 40 samples for out-of-sync evaluations.

Results with 15 kHz SCS
Table 16 - SINR accuracy degradation between RedCap UEs with 1 RX and 2 RX for AWGN and TDLA channels with15 kHz SCS
	
	CSI-RS based RLM – SINR accuracy degradation [dB]

	
	AWGN 15kHz 
	TDL-A 30ns 15kHz

	SINR [dB]
	10 samples
	20 samples
	40 samples
	10 samples
	20 samples
	40 samples

	-10
	1.44
	0.8
	0.52
	0.78
	0.4
	0.39

	-8
	1.01
	0.5
	0.42
	0.36
	0.09
	0.2

	-6
	0.68
	0.33
	0.32
	0.06
	0.01
	0.09

	-4
	0.52
	0.23
	0.25
	0.01
	0
	0.06



Table 17 - SINR accuracy degradation between RedCap UEs with 1 RX and 2 RX for TDLB and TDLC channels with15 kHz SCS
	
	CSI-RS based RLM – SINR accuracy degradation [dB]

	
	TDL-B 100ns 15kHz 
	TDL-C 300ns 15kHz

	SINR [dB]
	10 samples
	20 samples
	40 samples
	10 samples
	20 samples
	40 samples

	-10
	0.67
	0.47
	0.3
	1.05
	0.61
	0.5

	-8
	0.18
	0.21
	0.13
	0.34
	0.32
	0.25

	-6
	0.07
	0.1
	0.06
	0.16
	0.15
	0.16

	-4
	0
	0.04
	0.05
	0.11
	0.07
	0.07



Results with 30 kHz SCS
Table 18 - SINR accuracy degradation between RedCap UEs with 1 RX and 2 RX for AWGN and TDLA channels with 30 kHz SCS
	
	CSI-RS based RLM – SINR  accuracy degradation [dB]

	
	AWGN 30kHz 
	TDL-A 30ns 30kHz

	SINR [dB]
	10 samples
	20 samples
	40 samples
	10 samples
	20 samples
	40 samples

	-10
	2.03
	1.29
	1.14
	2.13
	1.51
	1.11

	-8
	1.24
	0.85
	0.79
	1.07
	0.77
	0.62

	-6
	0.84
	0.59
	0.57
	0.57
	0.44
	0.36

	-4
	0.62
	0.42
	0.43
	0.34
	0.26
	0.23



Table 19 - SINR accuracy degradation between RedCap UEs with 1 RX and 2 RX for TDLB and TDLC channels with 30 kHz SCS
	
	CSI-RS based RLM – SINR accuracy degradation [dB]

	
	TDL-B 100ns 30kHz 
	TDL-C 300ns 30kHz

	SINR [dB]
	10 samples
	20 samples
	40 samples
	10 samples
	20 samples
	40 samples

	-10
	2.15
	1.28
	1.25
	2.36
	1.6
	1.22

	-8
	1.13
	0.65
	0.64
	1.26
	0.88
	0.77

	-6
	0.6
	0.35
	0.33
	0.77
	0.55
	0.48

	-4
	0.34
	0.16
	0.14
	0.48
	0.34
	0.32




Results with 120 kHz SCS
Table 20 - SINR accuracy degradation between RedCap UEs with 1 RX and 2 RX for AWGN channel and TDL-A channels with 120 kHz SCS
	
	CSI-RS based RLM – SINR accuracy degradation [dB]

	
	AWGN 120kHz 
	TDL-A 30ns 120kHz

	SINR [dB]
	10 samples
	20 samples
	40 samples
	10 samples
	20 samples
	40 samples

	-10
	2.59
	1.85
	1.08
	2.56
	1.55
	0.67

	-8
	1.58
	1.16
	0.72
	1.48
	0.77
	0.38

	-6
	1.07
	0.78
	0.51
	0.87
	0.44
	0.2

	-4
	0.8
	0.56
	0.39
	0.51
	0.26
	0.13




Conclusion
In this document, Nokia’s simulation results for RedCap UEs RLM are presented. The following observations and proposals are discussed:

1. In the last RAN4 meeting, the RLM simulation results from different companies were presented in different formats.
1. For the simulations with 1 RX, update the performance metric in the RLM and BFD simulation assumptions as follows: 
· DeltaSINR = estimated SINR – ideal SINR
· Accuracy = max( abs( DeltaSINR(95th percentile),1Rx), abs(DeltaSINR(5th percentile) ,1Rx)
For the comparison of results with 1 RX and 2 RX, update the performance metric in the RLM and BFD simulation assumptions as follows: 
· DeltaSINR = estimated SINR – ideal SINR
· Degradation(5th percentile) := (DeltaSINR(5th percentile), 2Rx, N samples) - (DeltaSINR(5th percentile), 1Rx, N samples)
· Degradation(95th percentile) := (DeltaSINR(95th percentile), 2Rx, N samples) - (DeltaSINR(95th percentile), 1Rx, N samples)
· Degradation = max(abs(degradation(95th percentile) ), abs(degradation(5th percentile))
The simulation results with 1 RX show that increasing the number of samples considered for the IS and OOS evaluation periods for SSB based RLM does improve the SINR estimation accuracy. However, this improvement is at most 0.49 dB in the evaluated scenarios in FR1 and FR2.
According to our simulation results, the SINR accuracy degradation when comparing the results with 2 RX and 1 RX for SSB based RLM in-sync (5 samples), is up to 0.5 dB in FR1 and 0.54 dB in FR2. 
According to our simulation results, the SINR accuracy degradation when comparing the results with 2 RX and 1 RX for SSB based RLM out-of-sync (10 samples), is up to 0.61 dB in FR1 and 0.43 dB in FR2. 
For SSB-based RLM, RAN4 to define a threshold of SINR accuracy degradation of [0.7] dB, to decide whether to increase the evaluation period for OOS and IS for RedCap UEs with 1 RX.
Do not extend the evaluation periods for SSB-based OOS and IS evaluation for RedCap UEs with 1 RX.
For CSI-RS based RLM, the simulation results with 1 RX show that increasing the number of samples considered for the IS and OOS evaluation periods does improve the SINR estimation accuracy. The improvement is up to 1.03 dB in FR2 and 0.7 dB in FR1.
According to our simulation results, the SINR accuracy degradation when comparing the results with 2 RX and 1 RX for SSB based RLM in-sync (10 samples), is up to 0.84 dB in FR1 and 1.07 dB in FR2. 
According to our simulation results, the SINR accuracy degradation when comparing the results with 2 RX and 1 RX for SSB based RLM out-of-sync (20 samples), is up to 1.6 dB in FR1 and 1.55 dB in FR2. 
For CSI-RS based RLM, RAN4 to define a threshold of SINR accuracy degradation of [0.7] dB, to decide whether to increase the evaluation period for OOS and IS for RedCap UEs with 1 RX.
RAN4 to extend the evaluation period for CSI-RS based RLM: 20 samples for in-sync evaluation and 40 samples for out-of-sync evaluations.
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Appendix A
[bookmark: _Ref92292826]Table A1 - Simulation assumptions for SSB based RLM requirements
	Parameter
	Value

	
	FR1
	FR2

	Carrier frequency
	4 GHz
	30 GHz

	Subcarrier spacing
	15khz, 30kHz
	120kHz

	Velocity
	30 km/h
	3 km/h

	BW
	20 PRBs

	Reference signal
	SSS

	Periodicity
	20 ms

	Number of samples
	5,10,20

	Antenna configuration
	1Tx1Rx, 1Tx2Rx

	Propagation condition
	AWGN, TDL-A-30ns, TDL-B-100ns, TDL-C-300ns
	AWGN, TDL-A-30ns

	SNR
	-10,-8,-6,-4



[bookmark: _Ref92292806]Table A2 - Simulation assumptions for CSI-RS based RLM requirements
	Parameter
	Value

	
	FR1
	FR2

	Carrier frequency
	4 GHz
	30 GHz

	Subcarrier spacing
	15khz, 30kHz
	120kHz

	Velocity
	30 km/h
	3 km/h

	BW
	24 PRBs

	Reference signal
	CSI-RS

	RS configuration
	1AP, no-cdm, ρ=3

	Periodicity
	20 slots for 15kHz
40 slots for 30kHz
	80 slots

	Number of samples
	10,20,40

	Antenna configuration
	1Tx1Rx, 1Tx2Rx

	Propagation condition
	AWGN, TDL-A-30ns, TDL-B-100ns, TDL-C-300ns
	AWGN, TDL-A-30ns

	SNR
	-10,-8,-6,-4




