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RAN4 has discussed the impact on RRM requirements due to UE complexity reduction for last two meetings and outcome of the discussion as summarized in [1]. Moreover RAN4 agreed on simulation assumptions to study RLM and BM performance for 1 Rx UE. In this contribution we provide the simulation results for RLM and BM, and we further discuss the results and also provide our view on active BWP switching requirements.
Discussion
Radio Link Monitoring
Rel-15 radio link monitoring requirements assume 10 RLM-RS samples for SSB based out-of-synch evaluation period and 5 RLM-RS samples for SSB based in-sync evaluation period. Similarly, it is assumed 20 RLM-RS samples for CSI-RS based out-of-sync evaluation period and 10 RLM samples for CSI-RS based in-synch evaluation period, where it is assumed CSI-RS is configured with density 3 and 24 RBs.
Since RedCap UE can be operated with single Rx antenna, the channel quality accuracy may be degraded compared with Rel-15 where it is assumed 2 receive antennas. We investigated the degradation of 1Rx-based channel quality measurement compared with 2Rx UE according to the simulation assumption [2]
 Out-of-synch evaluation period
SSB based evaluation
Table 1 through Table 5 summarize the degradation from the channel quality (SNR) measurement accuracy with 10 SSB samples given by Max(Degradation(5%-ile, N samples, SNR), Degradation(95%-ile, N samples, SNR)), where, 
· Degradation(5%-ile, N samples, SNR) := (SNR accuracy at 5%-tile with 10 samples, SNR, 2Rx) - (SNR accuracy at 5%-tile with N samples, SNR, 1Rx)
· Degradation(95%-ile, N samples, SNR) := (SNR accuracy at 95%-tile with N samples, SNR, 1Rx) - (SNR accuracy at 95%-tile with 10 samples, SNR, 2Rx)
Note the degradation 0 means no degradation. 
For example, Table 1 shows the degradation due to 1Rx is 0.26dB for the scenario SCS=15kHz, AWGN, 10 samples, SNR=-8dB, but the degradation is mitigated to 0.03dB when it is assumed 20 samples. In order to avoid unnecessary out-of-synch indication due to the single Rx antenna, we propose to increase the number of samples by double. Please note that RAN4 also increased the number of samples by double for eMTC. 
Proposal 1: Set SSB based RLM Out-of-synch evaluation period based on 20 samples for 1Rx UE. 
[bookmark: _Ref84947392]Table 1	SSB based Out-of-synch evaluation – SCS=15kHz, AWGN and TDLA30
	
	SCS=15kHz, AWGN 
	
	SCS=15kHz, TDLA30

	SNR
	-10
	-8
	-6
	SNR
	-10
	-8
	-6

	10 samples
	0.3
	0.26
	0.21
	10 samples
	0.42
	0.46
	0.51

	15 samples
	0.13
	0.12
	0.09
	15 samples
	0.22
	0.25
	0.25

	20 samples
	0.03
	0.03
	0.02
	20 samples
	0.08
	0.05
	0.03



Table 2	SSB based Out-of-synch evaluation – SCS=15kHz, TDLB100 and TDLC300
	
	SCS=15kHz, TDLB100
	
	SCS=15kHz, TDLC300

	SNR
	-10
	-8
	-6
	SNR
	-10
	-8
	-6

	10 samples
	0.51
	0.6
	0.64
	10 samples
	0.21
	0.25
	0.26

	15 samples
	0.18
	0.21
	0.23
	15 samples
	0.06
	0.05
	0.07

	20 samples
	0
	0
	0
	20 samples
	0
	0
	0



Table 3	SSB based Out-of-synch evaluation – SCS=30kHz, AWGN and TDLA30
	
	SCS=30kHz, AWGN 
	
	SCS=30kHz, TDLA30

	SNR
	-10
	-8
	-6
	SNR
	-10
	-8
	-6

	10 samples
	0.33
	0.23
	0.17
	10 samples
	0.32
	0.35
	0.39

	15 samples
	0.08
	0.05
	0.03
	15 samples
	0.2
	0.21
	0.24

	20 samples
	0
	0
	0
	20 samples
	0.12
	0.14
	0.16



Table 4	SSB based Out-of-synch evaluation – SCS=30kHz, TDLB100 and TDLC300
	
	SCS=30kHz, TDLB100
	
	SCS=30kHz, TDLC300

	SNR
	-10
	-8
	-6
	SNR
	-10
	-8
	-6

	10 samples
	0.16
	0.21
	0.22
	10 samples
	0.31
	0.33
	0.33

	15 samples
	0.03
	0.07
	0.08
	15 samples
	0.16
	0.14
	0.1

	20 samples
	0
	0
	0
	20 samples
	0
	0
	0



[bookmark: _Ref84947398]Table 5	SSB based Out-of-synch evaluation – SCS=120kHz, AWGN and TDLA30
	
	SCS=120kHz, AWGN
	
	SCS=120kHz, TDLA30

	SNR
	-10
	-8
	-6
	SNR
	-10
	-8
	-6

	10 samples
	0.27
	0.21
	0.15
	10 samples
	0.47
	0.52
	0.57

	15 samples
	0.09
	0.07
	0.07
	15 samples
	0.23
	0.28
	0.31

	20 samples
	0
	0.02
	0.03
	20 samples
	0.09
	0.11
	0.11



CSI-RS based evaluation
Table 6 through Table 10 summarize the degradation from the channel quality (SNR) measurement accuracy with 20 CSI-RS samples given by Max(Degradation(5%-ile, N samples, SNR), Degradation(95%-ile, N samples, SNR)), where, 
· Degradation(5%-ile, N samples, SNR) := (SNR accuracy at 5%-tile with 20 samples, SNR, 2Rx) - (SNR accuracy at 5%-tile with N samples, SNR, 1Rx)
· Degradation(95%-ile, N samples, SNR) := (SNR accuracy at 95%-tile with N samples, SNR, 1Rx) - (SNR accuracy at 95%-tile with 20 samples, SNR, 2Rx)
Note the degradation 0 means no degradation. 
From the observation from our simulation results, we propose to increase the number of CSI-RS samples by double for out-of-synch evaluation period as same as SSB based evaluation period. 
Proposal 2: Set CSI-RS based RLM Out-of-synch evaluation period based on 40 samples for 1Rx UE. 

[bookmark: _Ref84948199]Table 6	CSI-RS based Out-of-synch evaluation – SCS=15kHz, AWGN and TDLA30
	
	SCS=15kHz, AWGN 
	
	SCS=15kHz, TDLA30

	SNR
	-10
	-8
	-6
	SNR
	-10
	-8
	-6

	20 samples
	0.34
	0.3
	0.26
	20 samples
	0.23
	0.17
	0.18

	30 samples
	0.26
	0.19
	0.17
	30 samples
	0.06
	0.01
	0.02

	40 samples
	0.2
	0.17
	0.14
	40 samples
	0
	0
	0



Table 7	CSI-RS based Out-of-synch evaluation – SCS=15kHz, TDLB100 and TDLC300
	
	SCS=15kHz, TDLB100
	
	SCS=15kHz, TDLC300

	SNR
	-10
	-8
	-6
	SNR
	-10
	-8
	-6

	20 samples
	0.48
	0.47
	0.48
	20 samples
	0.47
	0.45
	0.36

	30 samples
	0.22
	0.24
	0.22
	30 samples
	0.5
	0.44
	0.34

	40 samples
	0.04
	0
	0.02
	40 samples
	0.41
	0.44
	0.38



Table 8	CSI-RS based Out-of-synch evaluation – SCS=30kHz, AWGN and TDLA30
	
	SCS=30kHz, AWGN 
	
	SCS=30kHz, TDLA30

	SNR
	-10
	-8
	-6
	SNR
	-10
	-8
	-6

	20 samples
	0.3
	0.25
	0.22
	20 samples
	0.32
	0.29
	0.31

	30 samples
	0.15
	0.12
	0.1
	30 samples
	0.2
	0.18
	0.18

	40 samples
	0.03
	0.02
	0.01
	40 samples
	0.04
	0.03
	0.05



Table 9	CSI-RS based Out-of-synch evaluation – SCS=30kHz, TDLB100 and TDLC300
	
	SCS=30kHz, TDLB100
	
	SCS=30kHz, TDLC300

	SNR
	-10
	-8
	-6
	SNR
	-10
	-8
	-6

	20 samples
	0.37
	0.43
	0.41
	20 samples
	0.21
	0.17
	0.13

	30 samples
	0.2
	0.24
	0.24
	30 samples
	0.13
	0.12
	0.1

	40 samples
	0.1
	0.13
	0.16
	40 samples
	0.06
	0.05
	0.1



[bookmark: _Ref84948202]Table 10	CSI-RS based Out-of-synch evaluation – SCS=120kHz, AWGN and TDLA30
	
	SCS=120kHz, AWGN
	
	SCS=120kHz, TDLA30

	SNR
	-10
	-8
	-6
	SNR
	-10
	-8
	-6

	20 samples
	0.35
	0.32
	0.28
	20 samples
	0.41
	0.51
	0.6

	30 samples
	0.32
	0.26
	0.24
	30 samples
	0.31
	0.38
	0.45

	40 samples
	0.27
	0.25
	0.22
	40 samples
	0.19
	0.2
	0.22



	In-sync evaluation period
SSB based evaluation
Table 11 through Table 15 summarize the degradation from the channel quality (SNR) measurement accuracy with 5 SSB samples given by Max(Degradation(5%-ile, N samples, SNR), Degradation(95%-ile, N samples, SNR)), where, 
· Degradation(5%-ile, N samples, SNR) := (SNR accuracy at 5%-tile with 5 samples, SNR, 2Rx) - (SNR accuracy at 5%-tile with N samples, SNR, 1Rx)
· Degradation(95%-ile, N samples, SNR) := (SNR accuracy at 95%-tile with N samples, SNR, 1Rx) - (SNR accuracy at 95%-tile with 5 samples, SNR, 2Rx)
Note the degradation 0 means no degradation. 
According to our simulation results, the degradation due to the 1Rx is about 1dB around SNR test points -6 to -2dB if we assume 5 samples. We therefore propose to increase the number of samples by double for in-synch evaluation period. 
Proposal 3: Set SSB based RLM In-synch evaluation period based on 10 samples for 1Rx UE. 

[bookmark: _Ref84948351]Table 11	SSB based In-synch evaluation – SCS=15kHz, AWGN and TDLA30
	
	SCS=15kHz, AWGN 
	
	SCS=15kHz, TDLA30

	SNR
	-6
	-4
	-2
	SNR
	-6
	-4
	-2

	5 samples
	0.3
	0.25
	0.21
	5 samples
	0.86
	0.92
	0.94

	10 samples
	0
	0
	0.02
	10 samples
	0.21
	0.18
	0.14

	15 samples 
	0.05
	0.06
	0.04
	15 samples 
	0.19
	0.13
	0.17



Table 12	SSB based In-synch evaluation – SCS=15kHz, TDLB100 and TDLC300
	
	SCS=15kHz, TDLB100
	
	SCS=15kHz, TDLC300

	SNR
	-6
	-4
	-2
	SNR
	-6
	-4
	-2

	5 samples
	0.71
	0.74
	0.77
	5 samples
	0.45
	0.45
	0.47

	10 samples
	0.16
	0.17
	0.11
	10 samples
	0
	0
	0

	15 samples 
	0.37
	0.34
	0.35
	15 samples 
	0
	0
	0.01



Table 13	SSB based In-synch evaluation – SCS=30kHz, AWGN and TDLA30
	
	SCS=30kHz, AWGN 
	
	SCS=30kHz, TDLA30

	SNR
	-6
	-4
	-2
	SNR
	-6
	-4
	-2

	5 samples
	0.28
	0.22
	0.17
	5 samples
	0.54
	0.55
	0.55

	10 samples
	0
	0
	0
	10 samples
	0.1
	0.14
	0.16

	15 samples 
	0
	0
	0
	15 samples 
	0
	0
	0



Table 14	SSB based In-synch evaluation – SCS=30kHz, TDLB100 and TDLC300
	
	SCS=30kHz, TDLB100
	
	SCS=30kHz, TDLC300

	SNR
	-6
	-4
	-2
	SNR
	-6
	-4
	-2

	5 samples
	0.33
	0.41
	0.44
	5 samples
	0.5
	0.5
	0.47

	10 samples
	0
	0
	0
	10 samples
	0
	0
	0

	15 samples 
	0
	0
	0
	15 samples 
	0
	0
	0



[bookmark: _Ref84948357]Table 15	SSB based In-synch evaluation – SCS=120kHz, AWGN and TDLA30
	
	SCS=120kHz, AWGN
	
	SCS=120kHz, TDLA30

	SNR
	-6
	-4
	-2
	SNR
	-6
	-4
	-2

	5 samples
	0.29
	0.24
	0.18
	5 samples
	0.8
	0.94
	1.01

	10 samples
	0
	0
	0
	10 samples
	0.09
	0.14
	0.14

	15 samples 
	0
	0
	0
	15 samples 
	0.14
	0.15
	0.11




CSI-RS based evaluation
Table 16 through Table 20 summarize the degradation from the channel quality (SNR) measurement accuracy with 10 CSI-RS samples given by Max(Degradation(5%-ile, N samples, SNR), Degradation(95%-ile, N samples, SNR)), where, 
· Degradation(5%-ile, N samples, SNR) := (SNR accuracy at 5%-tile with 10 samples, SNR, 2Rx) - (SNR accuracy at 5%-tile with N samples, SNR, 1Rx)
· Degradation(95%-ile, N samples, SNR) := (SNR accuracy at 95%-tile with N samples, SNR, 1Rx) - (SNR accuracy at 95%-tile with 10 samples, SNR, 2Rx)
Note the degradation 0 means no degradation. 
From the observation from our simulation results, we propose to increase the number of CSI-RS samples by double for in-synch evaluation period as same as SSB based evaluation period. 
Proposal 4: Set CSI-RS based RLM In-synch evaluation period based on 20 samples for 1Rx UE. 

[bookmark: _Ref84948645]Table 16	CSI-RS based In-synch evaluation – SCS=15kHz, AWGN and TDLA30
	
	SCS=15kHz, AWGN 
	
	SCS=15kHz, TDLA30

	SNR
	-6
	-4
	-2
	SNR
	-6
	-4
	-2

	10 samples
	0.32
	0.28
	0.24
	10 samples
	0.33
	0.29
	0.27

	20 samples
	0
	0
	0
	20 samples
	0
	0
	0

	30 samples
	0
	0
	0
	30 samples
	0.07
	0
	0



Table 17	CSI-RS based In-synch evaluation – SCS=15kHz, TDLB100 and TDLC300
	
	SCS=15kHz, TDLB100
	
	SCS=15kHz, TDLC300

	SNR
	-6
	-4
	-2
	SNR
	-6
	-4
	-2

	10 samples
	0.62
	0.58
	0.48
	10 samples
	0.38
	0.41
	0.41

	20 samples
	0.11
	0.07
	0.01
	20 samples
	0.16
	0.13
	0.14

	30 samples
	0.28
	0.26
	0.22
	30 samples
	0.14
	0.09
	0.09



Table 18	CSI-RS based In-synch evaluation – SCS=30kHz, AWGN and TDLA30
	
	SCS=30kHz, AWGN 
	
	SCS=30kHz, TDLA30

	SNR
	-6
	-4
	-2
	SNR
	-6
	-4
	-2

	10 samples
	0.28
	0.25
	0.21
	10 samples
	0.47
	0.49
	0.49

	20 samples
	0
	0
	0
	20 samples
	0
	0
	0

	30 samples
	0
	0
	0
	30 samples
	0.28
	0.19
	0.16



Table 19	CSI-RS based In-synch evaluation – SCS=30kHz, TDLB100 and TDLC300
	
	SCS=30kHz, TDLB100
	
	SCS=30kHz, TDLC300

	SNR
	-6
	-4
	-2
	SNR
	-6
	-4
	-2

	10 samples
	0.52
	0.52
	0.51
	10 samples
	0.22
	0.2
	0.2

	20 samples
	0.06
	0.07
	0.06
	20 samples
	0
	0
	0.03

	30 samples
	0.22
	0.22
	0.24
	30 samples
	0.03
	0.09
	0.09



[bookmark: _Ref84948647]Table 20	CSI-RS based In-synch evaluation – SCS=120kHz, AWGN and TDLA30
	
	SCS=120kHz, AWGN
	
	SCS=120kHz, TDLA30

	SNR
	-6
	-4
	-2
	SNR
	-6
	-4
	-2

	10 samples
	0.25
	0.22
	0.2
	10 samples
	0.65
	0.67
	0.72

	20 samples
	0.08
	0.07
	0.06
	20 samples
	0.26
	0.25
	0.31

	30 samples
	0.04
	0.06
	0.05
	30 samples
	0.23
	0.24
	0.22



Applicability of SCS 60kHz
One of the open issues on RLM for RedCap is the applicability of SCS 60kHz [4].
	Impact on bandwidth of CSI-RS for RLM with 60 kHz SCS in FR1 is identified. How to address that impact is FFS. Following options are discussed:
· Option 1: Set BW of CSI-RS to 24 PRBs for 60 kHz SCS in FR1
· Option 2: Exclude 60 kHz SCS in FR1
· Option 3: other options are not precluded.



According to RAN1 agreements, the maximum channel bandwidth for RedCap UE is 20MHz for FR1, which corresponds to 106 RB for SCS 15kHz, 51 RB for SCS 30kHz, and 24 RB for 60kHz. On the other hand, RAN4 set 48 RB for PDCCH transmission parameters to evaluate Qin/Qout. This means the channel bandwidth assumed for PDCCH transmission parameters exceeds the maximum channel width in the case of SCS 60kHz. In our understanding, SCS 60kHz is mainly used for low latency application, but latency requirements for RedCap UE is not high since RAN1 agreed RedCap UE can use half-duplex FDD which increases the latency. We therefore propose to exclude SCS 60kHz for FR1. 
Proposal 5: Exclude 60 kHz SCS in FR1 for RedCap RLM requirements. 

Conditions for performing RLM for HD-FDD UE
RAN4#100-e also discussed the RLM performing conditions for HD-FDD UE, and several companies proposed to assume at least 1 RLM-RS must fall with DL occasion within an indication period. 
In Rel-15, the RLM L1 indication period is defined by the maximum value between 10ms and the RLM evaluation period, where the RLM evaluation period is defined with regard to the number of RLM-RS samples, RLM-RS transmission periodicity, and measurement gap configuration. This means UE is supposed to measure the scheduled RLM-RS resources as far as no measurement gap is scheduled during the RLM-RS transmission. For HD-FDD UE, some UE cannot measure all the scheduled RLM resources when UE is scheduled to perform UL transmission at the time RLM resource is transmitted or when UE need random access. We therefore propose consider the following applicability rule for HD-FDD UEs.
Proposal 6: For HD-FDD UEs, the RLM requirements apply provided that at least one RLM-RS is available for RLM evaluation within an indication period. Note this applicability also applies for the link recovery procedures. 

Beam Management
Beam failure detection evaluation period
Rel-15 beam failure detection requirements assume the same number of SSB/CSI-RS samples as RLM In-sync to define evaluation period, that is, 5 samples for SSB based BFD and 10 samples for CSI-RS based BFD (density=3, 24RBs). We therefore propose to apply the same conclusion of the RLM In-synch evaluation period for RedCap to BFD evaluation period, that is, doubling the number of samples for evaluation period.
Proposal 7: Set SSB based BFD evaluation period based on 10 samples for 1Rx UE. 
Proposal 8: Set CSI-RS based BFD evaluation period based on 20 samples for 1Rx UE. 

Candidate beam detection and L1-RSRP measurements
After UE detects the beam failure, UE finds the candidate beam whose L1-RSRP exceeds the configured threshold. Rel-15 candidate beam detection and L1-RSRP measurements assume 3 samples for both SSB based and CSI-RS based L1-RSRP measurements. Note the evaluation period is set based on 1 sample when gNB configures the timeRestrictionForChannelMeasurement according to TS38.214. 
SSB based L1-RSRP measurements
Table 21 through Table 25 summarize the degradation from the L1-RSRP accuracy with 3 SSB samples given by Max(Degradation(5%-ile, N samples, SNR), Degradation(95%-ile, N samples, SNR)), where, 
· Degradation(5%-ile, N samples, SNR) := (L1-RSRP accuracy at 5%-tile with 3 samples, SNR, 2Rx) - (L1-RSRP accuracy at 5%-tile with N samples, SNR, 1Rx)
· Degradation(95%-ile, N samples, SNR) := (L1-RSRP accuracy at 95%-tile with N samples, SNR, 1Rx) - (L1-RSRP accuracy at 95%-tile with 3 samples, SNR, 2Rx)
For example, Table 21 shows the degradation due to 1Rx is 0.25dB for the scenario SCS=15kHz, AWGN, 3 samples, SNR=-4dB, but the degradation is mitigated to 0.1dB when it is assumed 5 samples. 
According to our simulation results, we should not use 3 samples for 1Rx case due to the larger degradation exceeding 1dB. For example the degradation with 1 Rx is more than 2dB for the scenario SCS=15kHz, according to Table 21. If we increase the number of SSB samples from 3 to 5, the degradation is mitigated, but the degradation is still more than 0.5dB (e.g., SCS=15kHz, TDLB100). However we don’t observe further improvement even we increase the number of samples from 5 to 7. 
From the observations, we propose to define the SSB based CBD evaluation period and L1-RSRP measurement period based on 5 samples for 1Rx case. Moreover we may consider the relax the L1-RSRP measurement accuracy requirements by 0.5dB for FR1 and 1.0dB for FR2.
Proposal 9: Set SSB based CBD evaluation period based on 5 samples for 1Rx UE. 
Proposal 10: Set SSB based L1-RSRP measurement period without measurement restriction based on 5 samples for 1Rx UE. 
Proposal 11: Relax the SSB based L1-RSRP measurement accuracy requirements with 1Rx by 0.5dB for FR1 and by 1.0dB for FR2. 

[bookmark: _Ref84860029]Table 21	SSB based L1-RSRP – SCS=15kHz, AWGN and TDLA30
	
	SCS=15kHz, AWGN 
	
	SCS=15kHz, TDLA30

	SNR
	-4
	-2
	0
	SNR
	-4
	-2
	0

	3 samples
	0.25
	0.19
	0.13
	3 samples
	2.28
	2.25
	2.24

	5 samples
	0.1
	0.07
	0.04
	5 samples
	0.29
	0.32
	0.3

	7 samples
	0.09
	0.09
	0.06
	7 samples
	0.61
	0.55
	0.62



[bookmark: _Ref84860031]Table 22	SSB based L1-RSRP – SCS=15kHz, TDLB100 and TDLC300
	
	SCS=15kHz, TDLB100
	
	SCS=15kHz, TDLC300

	SNR
	-4
	-2
	0
	SNR
	-4
	-2
	0

	3 samples
	1.27
	1.35
	1.33
	3 samples
	1.37
	1.31
	1.34

	5 samples
	0.63
	0.62
	0.65
	5 samples
	0.48
	0.5
	0.47

	7 samples
	0.71
	0.7
	0.71
	7 samples
	0.26
	0.32
	0.37



[bookmark: _Ref84860036]Table 23	SSB based L1-RSRP – SCS=30kHz, AWGN and TDLA30
	
	SCS=30kHz, AWGN 
	
	SCS=30kHz, TDLA30

	SNR
	-4
	-2
	0
	SNR
	-4
	-2
	0

	3 samples
	0.31
	0.23
	0.18
	3 samples
	1.56
	1.55
	1.53

	5 samples
	0.09
	0.06
	0.05
	5 samples
	0.54
	0.5
	0.43

	7 samples
	0.03
	0.03
	0.02
	7 samples
	0.91
	0.95
	0.89



[bookmark: _Ref84860038]Table 24	SSB based L1-RSRP – SCS=30kHz, TDLB100 and TDLC300
	
	SCS=30kHz, TDLB100
	
	SCS=30kHz, TDLC300

	SNR
	-4
	-2
	0
	SNR
	-4
	-2
	0

	3 samples
	0.91
	0.91
	0.97
	3 samples
	1.17
	1.19
	1.18

	5 samples
	0.54
	0.54
	0.54
	5 samples
	0.35
	0.42
	0.38

	7 samples
	0.65
	0.65
	0.7
	7 samples
	0.3
	0.31
	0.3



[bookmark: _Ref84860039]Table 25	SSB based L1-RSRP – SCS=120kHz, AWGN and TDLA30
	
	SCS=120kHz, AWGN
	
	SCS=120kHz, TDLA30

	SNR
	-4
	-2
	0
	SNR
	-4
	-2
	0

	3 samples
	0.21
	0.17
	0.14
	3 samples
	1.58
	1.77
	1.91

	5 samples
	0.02
	0.02
	0.02
	5 samples
	0.99
	1.03
	1.1

	7 samples
	0.1
	0.08
	0.06
	7 samples
	0.57
	0.63
	0.69



CSI-RS based L1-RSRP measurements
Table 26 through Table 30 summarize the degradation from the L1-RSRP accuracy with 3 CSI-RS samples given by Max(Degradation(5%-ile, N samples, SNR), Degradation(95%-ile, N samples, SNR)). 
The simulation results give the same observation as SSB based L1-RSRP accuracy. We therefore propose as follows:
Proposal 12: Set CSI-RS based CBD evaluation period based on 5 samples for 1Rx UE.  
Proposal 13: Set CSI-RS based L1-RSRP measurement period without measurement restriction based on 5 samples for 1Rx UE. 
Proposal 14: Relax the CSI-RS based L1-RSRP measurement accuracy requirements with 1Rx by 0.5dB for FR1 and by 1.0dB for FR2. 

[bookmark: _Ref84861710]Table 26	CSI-RS based L1-RSRP – SCS=15kHz, AWGN and TDLA30
	
	SCS=15kHz, AWGN 
	
	SCS=15kHz, TDLA30

	SNR
	-4
	-2
	0
	SNR
	-4
	-2
	0

	3 samples
	0.44
	0.35
	0.3
	3 samples
	1.49
	1.47
	1.47

	5 samples
	0.18
	0.15
	0.13
	5 samples
	0.42
	0.46
	0.53

	7 samples
	0.14
	0.11
	0.08
	7 samples
	0.97
	0.99
	0.94



Table 27	CSI-RS based L1-RSRP – SCS=15kHz, TDLB100 and TDLC300
	
	SCS=15kHz, TDLB100
	
	SCS=15kHz, TDLC300

	SNR
	-4
	-2
	0
	SNR
	-4
	-2
	0

	3 samples
	1.27
	1.23
	1.15
	3 samples
	1.09
	1.1
	1.11

	5 samples
	0.63
	0.58
	0.54
	5 samples
	0.52
	0.51
	0.48

	7 samples
	0.49
	0.56
	0.6
	7 samples
	0.02
	0.06
	0.09



Table 28	CSI-RS based L1-RSRP – SCS=30kHz, AWGN and TDLA30
	
	SCS=30kHz, AWGN 
	
	SCS=30kHz, TDLA30

	SNR
	-4
	-2
	0
	SNR
	-4
	-2
	0

	3 samples
	0.37
	0.3
	0.23
	3 samples
	1.52
	1.64
	1.73

	5 samples
	0.15
	0.12
	0.09
	5 samples
	0.49
	0.54
	0.59

	7 samples
	0.17
	0.14
	0.11
	7 samples
	0.43
	0.38
	0.41



Table 29	CSI-RS based L1-RSRP – SCS=30kHz, TDLB100 and TDLC300
	
	SCS=30kHz, TDLB100
	
	SCS=30kHz, TDLC300

	SNR
	-4
	-2
	0
	SNR
	-4
	-2
	0

	3 samples
	1.13
	1.1
	1.06
	3 samples
	1
	1.1
	1.1

	5 samples
	0.62
	0.64
	0.61
	5 samples
	0.27
	0.25
	0.26

	7 samples
	0.41
	0.44
	0.46
	7 samples
	0.27
	0.25
	0.3



[bookmark: _Ref84861712]Table 30	CSI-RS based L1-RSRP – SCS=120kHz, AWGN and TDLA30
	
	SCS=120kHz, AWGN
	
	SCS=120kHz, TDLA30

	SNR
	-4
	-2
	0
	SNR
	-4
	-2
	0

	3 samples
	0.4
	0.31
	0.25
	3 samples
	1.78
	1.85
	1.97

	5 samples
	0.13
	0.11
	0.09
	5 samples
	1.06
	1.08
	1.17

	7 samples
	0.07
	0.06
	0.04
	7 samples
	0.61
	0.66
	0.73



Applicability of SCS 60kHz
One of the open issues on the beam failure detection is the applicability of SCS 60kHz [4].
	Impact on bandwidth of CSI-RS for BFD with 60 kHz SCS in FR1 is identified. How to address that impact is FFS. Following options are discussed:
· Option 1: Set BW of CSI-RS to 24 PRBs for 60 kHz SCS in FR1
· Option 2: Exclude 60 kHz SCS in FR1
· Option 3: other options are not precluded.



This is the same issue discussed in RLM. We propose to apply the same rule as RLM. 
Proposal 15: Exclude 60 kHz SCS in FR1 for RedCap BFD requirements. 

Active BWP switching
The following related to the BWP switching was agreed in the WF in the last meeting [4]:
· Option 1: RAN4 to further check if the exist BWP switching requirements could be reused for RedCap UE once RAN1 reached an agreement. Take into account following aspects:
· Only center frequency change/RF retuning across a bandwidth larger than its maximum UE bandwidth
· Option 2: the existing BWP switching requirements could be reused for RedCap UE.
The active BWP switching requirements comprises of the following various types of requirements:
· Active BWP switching delay defined in section 8.6.
· Scheduling restriction during the active BWP switching delay defined in section 8.6.
· Interruption due to active BWP switching on other NR serving cells in section 8.2, TS 38.133 (for EN-DC, SA and NE-DC).
· Interruption due to active BWP switching on LTE serving cells in sections 7.32.2.7 and 7.36.2.6, TS 36.133 (for EN-DC and NE-DC respectively).
The above issues are analyzed below for the redcap UE:
One main difference between Redcap UE and legacy UE is that the bandwidth of the former can be smaller than the channel BW of the cell since maximum Redcap BW is 20 MHz in FR1 and 100 MHz in FR2. The BW of the active BWP will be typically smaller than 20 MHz. The legacy UE can be configured with a UE-specific channel BW (CBW) which can be smaller than the cell BW. The legacy active BWP switching delay requirements apply regardless of the difference between the configured UE-specific CBW and the cell BW. Therefore, in our view no additional time on top of the legacy active BWP switching delay is needed for the Redcap UE for performing the active BWP switching. Therefore, the existing active BWP switching delay defined in section 8.6 can apply also for Redcap UE. 
The Redcap UE like legacy UE should not be expected to transmit and receive signals during the active BWP switching delay. Therefore, the existing scheduling restriction requirements during the active BWP switching delay defined in section 8.6 can apply also for Redcap UE. 
The Redcap UE supports operation only on PCell. Therefore, the interruption due to active BWP switching on other NR serving cells defined in section 8.2 of TS 38.133 or on LTE serving cells defined in sections 7.32.2.7 and 7.36.2.6 of TS 36.133 are not applicable for Redcap UE. 
Proposal 16: The existing active BWP switching delay defined in section 8.6 shall apply also for redcap UE.
Proposal 17: The existing scheduling restriction requirements during the active BWP switching delay defined in section 8.6 shall apply also for redcap UE.
Proposal 18: The requirements on the interruption due to active BWP switching on other NR serving cells or on LTE serving cells are not applicable for redcap UE.
UE-specific CBW change 
The UE-specific CBW change is triggered by the UE receiving the RRC reconfiguration involving offsetToCarrier or carrierBandwidth change on the old CBW. 
The UE-specific CBW change related requirements comprises of the following types of requirements:
· UE-specific CBW change delay defined in section 8.13.
· Scheduling restriction during the UE-specific CBW change delay defined in section 8.13.
The existing procedure is used for performing the UE-specific CBW change. The UE-specific CBW change delay requirements are fundamentally derived from the RRC based active BWP switching delay. 
Therefore, the existing UE-specific CBW change delay and the scheduling restriction requirements defined in section 8.13 can apply also for redcap UE. 
Proposal 19: The existing UE-specific CBW change delay defined in section 8.13 shall apply also for redcap UE.
Proposal 20: The existing scheduling restriction requirements during the UE-specific CBW change delay defined in section 8.13 shall apply also for redcap UE.
Impact on TCI state
According to previous agreements, the RRM impact on TCI state switching requirements defined in section 8.10 in TS 38.133 is FFS. Most of the delay components in the TCI state switching delay requirements are not affected by the low complexity reduction of RedCap UE. However, TL1-RSRP could be impacted due to 1 Rx and this needs further discussions since RAN4 is currently studying the measurement performance. 
Proposal 21: RAN4 to discuss potential impact on TCI state switching requirements due to RedCap.
Interruptions
Provide our views on following open issues:
	Impact on interruption requirements in CONNECTED state
· Proposal 1 (ZTE, Ericsson, Nokia): RRM requirements related to interruptions shall be modified for redCap UEs.
· Proposal 2 (Vivo, Oppo, Vivo): The interruption requirements defined at 8.2 are not applicable (no impact) for Redcap.
· Proposal 2a (Apple, CMCC): RedCap features would not cause impact to the existing interruption requirements defined at 8.2.



The current interruption requirements due to active BWP switching might be impacted due to RF retuning between separate initial RedCap BWP and initial BWP as discussed in our companion paper. Whether RAN4 needs to introduce new interruption requirements should be based outcome of that discussions. 
Propsal 22: Whether new interruption requirements are needed should be decided based on outcome of discussion related to separate initial BWP operation for RedCap. 

Summary
In this contribution we have provided the simulation results for RLM and BM, and we further discuss the results and also provide our view on other requirements related to signaling characteristics. Based on the discussions, we have made following proposals:

Proposal 1: Set SSB based RLM Out-of-synch evaluation period based on 20 samples for 1Rx UE. 
Proposal 2: Set CSI-RS based RLM Out-of-synch evaluation period based on 40 samples for 1Rx UE. 
Proposal 3: Set SSB based RLM In-synch evaluation period based on 10 samples for 1Rx UE. 
Proposal 4: Set CSI-RS based RLM In-synch evaluation period based on 20 samples for 1Rx UE. 
Proposal 5: Exclude 60 kHz SCS in FR1 for RedCap RLM requirements. 
Proposal 6: For HD-FDD UEs, the RLM requirements apply provided that at least one RLM-RS is available for RLM evaluation within an indication period. Note this applicability also applies for the link recovery procedures. 
Proposal 7: Set SSB based BFD evaluation period based on 10 samples for 1Rx UE. 
Proposal 8: Set CSI-RS based BFD evaluation period based on 20 samples for 1Rx UE. 
Proposal 9: Set SSB based CBD evaluation period based on 5 samples for 1Rx UE. 
Proposal 10: Set SSB based L1-RSRP measurement period without measurement restriction based on 5 samples for 1Rx UE. 
Proposal 11: Relax the SSB based L1-RSRP measurement accuracy requirements with 1Rx by 0.5dB for FR1 and by 1.0dB for FR2. 
Proposal 12: Set CSI-RS based CBD evaluation period based on 5 samples for 1Rx UE.  
Proposal 13: Set CSI-RS based L1-RSRP measurement period without measurement restriction based on 5 samples for 1Rx UE. 
Proposal 14: Relax the CSI-RS based L1-RSRP measurement accuracy requirements with 1Rx by 0.5dB for FR1 and by 1.0dB for FR2. 
Proposal 15: Exclude 60 kHz SCS in FR1 for RedCap BFD requirements. 
Proposal 16: The existing active BWP switching delay defined in section 8.6 shall apply also for redcap UE.
Proposal 17: The existing scheduling restriction requirements during the active BWP switching delay defined in section 8.6 shall apply also for redcap UE.
Proposal 18: The requirements on the interruption due to active BWP switching on other NR serving cells or on LTE serving cells are not applicable for redcap UE.
Proposal 19: The existing UE-specific CBW change delay defined in section 8.13 shall apply also for redcap UE.
Proposal 20: The existing scheduling restriction requirements during the UE-specific CBW change delay defined in section 8.13 shall apply also for redcap UE.
Proposal 21: RAN4 to discuss potential impact on TCI state switching requirements due to RedCap.
Propsal 22: Whether new interruption requirements are needed should be decided based on outcome of discussion related to separate initial BWP operation for RedCap. 
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