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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], and in RAN4 #101e and #101bis-e, companies brought the simulation results.
In this document, we continue the discussions of the RLM requirements for RedCap UEs, based on the open issues from RAN4 #101-bis-e.
SSB-based and CSI-based RLM
In the WF from the last meeting, the following was listed as agreements, and open issues [3]:
	SSB-based RLM : evaluation period for Qout and Qin
· Double the evaluation period for Qout 
· keep the legacy evaluation period for Qin
· Further discuss in performance part to relax test case SINR by X db to compensate for loss in SINR accuracy, where X is TBD.
SSB-based RLM : evaluation period for Qout and Qin
· Double the evaluation period for Qout 
· keep the legacy evaluation period for Qin
· Further discuss in performance part to relax test case SINR by X db to compensate for loss in SINR accuracy, where X is TBD.

CSI-RS-based RLM : evaluation period for Qout and Qin
Follow the agreement from corresponding issue for SSB-based RLM evaluation period. 

Whether to extend the lower bound in RLM evaluation period: 
1. lower bound in RLM evaluation period is extended.

Open Issues: 
If lower bound is extended for RLM evaluation period, how much to extend: 
· Option 1 (MTK): By factor 2



Extension of the lower bound of the evaluation period
In the last meeting, it was agreed to extend the lower bound of the evaluation period for RLM, but it remains open for discussion how much to extend it. 
Taking into account that the evaluation period for our-of-sync evaluations was extended by a factor of 2 considering the agreements from the last RAN4 meeting for both SSB-based and CSI-RS based RLM, our view is that it is reasonable to extend the lower bound of this case as well.
Current requirements for the lower bound of the RLM are: 100 ms for in-sync evaluation and 200 ms for out-of-sync evaluations.
The out-of-sync evaluation period was extended by a factor of 2 considering both SSB-based and CSI-RS based RLM.
Extend the lower bound of the out-of-sync evaluation period for SSB-based and CSI-RS based RLM by a factor of 2.
Relaxation of the SINR in the test case
Also in the last RAN4 meeting, it was discussed whether to relax or not the test case SINR, to compensate for the degradation in the SINR accuracy due to decreasing the number of Rx branches.
According to our simulation results presented in RAN4 101bis [5], and copied in the Annex for convenience, we make the following observations:
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 (20 samples), is up to 0.20 dB in FR1 and 0.39 dB in FR2. 
According to our simulation results, the SINR accuracy degradation when comparing the results with 2 RX and 1 RX for CSI-RS 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 CSI-RS based RLM out-of-sync (40 samples), is up to 0.77 dB in FR1 and 0.38 dB in FR2. 
The observations above are based on an SINR of -8dB for out-of-sync evaluation. Considering that the in-sync evaluation period was agreed to be the same for RedCap UEs with 1 Rx as baseline Rel-15 NR, we propose that:
In order to compensate for the SINR degradation due to decreasing the number of Rx branches, for SSB based and CSI-RS RLM in-sync evaluation relax the SINR in the test case by 0.5 dB in FR1 and FR2.
In order to compensate for the SINR degradation due to decreasing the number of Rx branches, for SSB based RLM out-of-sync evaluation relax the SINR in the test case by 0.5 dB in FR1 and FR2.
In order to compensate for the SINR degradation due to decreasing the number of Rx branches, for CSI-RS based RLM in-sync evaluation relax the SINR in the test case by 1.0 dB in FR1 and FR2.
In order to compensate for the SINR degradation due to decreasing the number of Rx branches, for CSI-RS based RLM out-of-sync evaluation relax the SINR in the test case by 1.0 dB in FR1 and FR2.

Conclusion
In this document, Nokia’s views on the signalling characteristics for RedCap UEs with 1 Rx branch are given. The following observations and proposals are discussed:
1. The out-of-sync evaluation period was extended by a factor of 2 considering both SSB-based and CSI-RS based RLM.
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 (20 samples), is up to 0.20 dB in FR1 and 0.39 dB in FR2. 
According to our simulation results, the SINR accuracy degradation when comparing the results with 2 RX and 1 RX for CSI-RS 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 CSI-RS based RLM out-of-sync (40 samples), is up to 0.77 dB in FR1 and 0.38 dB in FR2. 

1. Extend the lower bound of the out-of-sync evaluation period for SSB-based and CSI-RS based RLM by a factor of 2.
In order to compensate for the SINR degradation due to decreasing the number of Rx branches, for SSB based RLM in-sync evaluation relax the SINR in the test case by 0.5 dB in FR1 and FR2.
In order to compensate for the SINR degradation due to decreasing the number of Rx branches, for SSB based RLM out-of-sync evaluation relax the SINR in the test case by 0.5 dB in FR1 and FR2.
In order to compensate for the SINR degradation due to decreasing the number of Rx branches, for CSI-RS based RLM in-sync evaluation relax the SINR in the test case by 1.0 dB in FR1 and FR2.
In order to compensate for the SINR degradation due to decreasing the number of Rx branches, for CSI-RS based RLM out-of-sync evaluation relax the SINR in the test case by 1.0 dB in FR1 and FR2.
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Appendix A
Simulation Results for SSB based RLM, and CSI-RS based RLM, originally presented in 
SSB-based RLM
Results with 15 kHz SCS
[bookmark: _Ref92291569]Table 1 - SINR accuracy degradation between RedCap UEs with 1 RX and 2 RX for AWGN and TDLA channels with15 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
	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 2 - 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 3 - 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 4 - 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 5 - 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
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




