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1. Introduction
In this paper, we propose the tests for SSB based RLM.
2. PDCCH RMC

In Table 1, we define the PDCCH RMC for RLM tests.

Table 1: PDCCH Reference Measurement Channels

	Parameter
	Unit
	Value

	Reference channel
	
	R.1 TDD
	R.2 TDD
	R.1 FDD

	Channel bandwidth
	MHz
	40
	100
	10

	Subcarrier Spacing (SCS)
	KHz
	30
	120
	15

	Number of transmitter antennas
	
	1
	1
	1

	PDCCH OFDM symbols
	symbols
	2
	2
	2

	Aggregation level
	CCE
	8 
	8 
	8 

	DCI Format
	
	Note 2
	Note 2
	Note 2

	Cell ID
	
	Note 3
	Note 3
	Note 3

	Payload (without CRC)
	Bits
	Note 4
	Note 4
	Note 4

	Note 1: DCI formats are defined in TS 38.212.

Note 2: DCI format shall depend upon the test configuration.

Note 3: Cell ID shall depend upon the test configuration.

Note 4: Payload size shall depend upon the test configuration.

Note 5: For PDCCH using SI/RA/P-RNTI, Aggregation level 4 is used.


Proposal 1: Use PDCCH Reference Measurement Channels as defined in Table 1 for SSB based RLM tests.

3. TDD FR1 RLM Tests for Out-of-sync
In Tables 2 and 3, we define the test parameters for TDD FR1 out-of-sync testing.
Table 2: General test parameters for NR FR1 TDD out-of-sync testing

	Parameter
	Unit
	Value
	Comment

	
	
	Test 1
	Test 2
	

	PDCCH parameters
	
	R.1 TDD
	R.1 TDD
	As specified in Table 1. 

None of the PDCCH are intended for the UE under test

	SSB Periodicity
	ms
	20
	10
	

	OCNG parameters
	
	TBD
	TBD
	

	Active cell
	
	Cell 1
	Cell 1
	Cell 1 is on NR RF channel number 1

	CP length

	
	Normal
	Normal
	

	NR RF Channel Number
	
	1
	1
	One NR TDD FR1 carrier frequency is used.

	NR Channel Bandwidth (BWchannel)
	MHz
	40
	40
	

	Subcarrier Spacing
	KHz
	30
	30
	

	Correlation Matrix and Antenna Configuration
	
	1x2
	1x2 Low 
	

	Out of sync transmission parameters (Note 1)
	DCI format
	
	1-0
	1-0
	As defined in clause 7.3.1.2.1 in TS 38.212

	
	Number of Control OFDM symbols
	
	2
	2
	Out of sync threshold Qout and the corresponding hypothetical PDCCH/PCFICH transmission parameters are as specified in clause 8.1.2 and Table 8.1.2.1-1 respectively.

	
	Aggregation level 
	CCE
	8
	8
	

	
	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	dB
	4
	4
	

	
	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	dB
	4
	4
	

	
	DMRS precoder granularity
	
	REG bundle size
	REG bundle size
	

	
	REG bundle size
	
	6
	6
	

	DRX
	
	OFF
	OFF
	

	Layer 3 filtering
	
	Enabled
	Enabled
	Counters:

N310 = 1; N311 = 1

	T310 timer
	ms
	0
	0
	T310 is disabled

	T311 timer
	ms
	1000
	1000
	T311 is enabled

	Periodic CQI reporting mode
	
	Short PUCCH Type 1 WB
	Short PUCCH Type 1 WB
	

	CQI reporting periodicity
	slots
	5
	5
	Minimum CQI reporting periodicity

	Propagation channel
	
	AWGN
	TDL-A 30ns 100Hz
	.

	T1
	s
	1
	1
	

	T2
	s
	0.4
	0.4
	

	T3
	s
	0.5
	0.5
	

	Note 1: 
PDCCH corresponding to the out of sync transmission parameters need not be included in the Reference Measurement Channel.


Table 3: Cell specific test parameters for NR FR1 TDD (cell # 1) for out-of-sync radio link monitoring tests

	Parameter
	Unit
	Test 1
	Test 2

	
	
	T1
	T2
	T3
	T1
	T2
	T3

	NR RF Channel Number
	
	1
	1

	BWchannel
	MHz
	40
	40

	Subcarrier Spacing
	KHz
	30
	30

	Antenna Configuration
	
	1x2
	1x2 low

	Special subframe configuration
	
	TBD
	TBD

	Uplink-downlink configuration
	
	TBD
	TBD

	OCNG Pattern
	
	TBD
	TBD

	PDCCH_beta
	dB
	4
	4

	PDCCH_DMRS_beta
	dB
	4
	4

	PBCH_beta
	dB
	0
	0

	PSS_beta
	dB
	
	

	SSS_beta
	dB
	
	

	PDSCH_beta
	dB
	
	

	OCNG_betaNote 1
	dB
	
	

	SNR Note 6,7
	dB
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
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	dBm/30 kHz
	-95
	-95

	Propagation condition
	
	AWGN
	TDL-A 30ns 100Hz

	Note 1:
OCNG shall be used such that the resources in cell # 1 are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
The uplink resources for CQI reporting are assigned to the UE prior to the start of time period T1.

Note 3:
The timers and layer 3 filtering related parameters are configured prior to the start of time period T1.

Note 4:
The signal contains PDCCH for UEs other than the device under test as part of OCNG.

Note 5:
SNR levels correspond to the signal to noise ratio over the SSS REs.

Note 6:
The SNR in time periods T1, T2 and T3 is denoted as SNR1, SNR2 and SNR3 respectively in figure 1.

Note 7:
The SNR values are specified for testing a UE which supports 2RX on at least one band. For testing of a UE which supports 4RX on all bands, the SNR during T3 is TBD.
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Figure 1. SNR variation for out-of-sync testing

Test Requirements:
The UE behavior in each test during time durations T1, T2 and T3 shall be as follows:

During the period from time point A to time point B the UE shall transmit uplink signal at least in all uplink slots configured for CQI transmission according to the configured CQI reporting mode (periodic WB CQI).

The UE shall stop transmitting uplink signal no later than time point C (240 ms after the start of the time duration T3).

The rate of correct events observed during repeated tests shall be at least 90%.

Proposal 2: Use the tests defined in Table 2 and Table 3 for out-of-sync SSB based radio link monitoring for FR1 TDD.
4. TDD FR2 RLM Tests for Out-of-sync

In Tables 4 and 5, we define the test parameters for TDD FR2 out-of-sync testing.

Table 4: General test parameters for NR FR2 TDD out-of-sync testing

	Parameter
	Unit
	Value
	Comment

	
	
	Test 1
	Test 2
	

	PDCCH parameters
	
	R.2 TDD
	R.2 TDD
	As specified in Table 1. 

None of the PDCCH are intended for the UE under test

	SSB Periodicity
	ms
	20
	10
	

	OCNG parameters
	
	TBD
	TBD
	

	Active cell
	
	Cell 1
	Cell 1
	Cell 1 is on NR RF channel number 1

	CP length

	
	Normal
	Normal
	

	NR RF Channel Number
	
	1
	1
	One NR TDD FR2 carrier frequency is used.

	NR Channel Bandwidth (BWchannel)
	MHz
	100
	100
	

	Subcarrier Spacing
	KHz
	120
	120
	

	Correlation Matrix and Antenna Configuration
	
	1x2
	1x2 Low 
	

	Out of sync transmission parameters (Note 1)
	DCI format
	
	1-0
	1-0
	As defined in clause 7.3.1.2.1 in TS 38.212

	
	Number of Control OFDM symbols
	
	2
	2
	Out of sync threshold Qout and the corresponding hypothetical PDCCH/PCFICH transmission parameters are as specified in clause 8.1.2 and Table 8.1.2.1-1 respectively.

	
	Aggregation level 
	CCE
	8
	8
	

	
	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	dB
	4
	4
	

	
	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	dB
	4
	4
	

	
	DMRS precoder granularity
	
	REG bundle size
	REG bundle size
	

	
	REG bundle size
	
	6
	6
	

	DRX
	
	OFF
	OFF
	

	Layer 3 filtering
	
	Enabled
	Enabled
	Counters:

N310 = 1; N311 = 1

	T310 timer
	ms
	0
	0
	T310 is disabled

	T311 timer
	ms
	1000
	1000
	T311 is enabled

	Periodic CQI reporting mode
	
	Short PUCCH Type 1 WB
	Short PUCCH Type 1 WB
	

	CQI reporting periodicity
	slots
	5
	5
	Minimum CQI reporting periodicity

	Propagation channel
	
	AWGN
	TBD
	.

	T1
	s
	1
	1
	

	T2
	s
	0.4
	0.4
	

	T3
	s
	0.5
	0.5
	

	Note 1: 
PDCCH corresponding to the out of sync transmission parameters need not be included in the Reference Measurement Channel.


Table 5: Cell specific test parameters for NR FR2 TDD (cell # 1) for out-of-sync radio link monitoring tests

	Parameter
	Unit
	Test 1
	Test 2

	
	
	T1
	T2
	T3
	T1
	T2
	T3

	NR RF Channel Number
	
	1
	1

	BWchannel
	MHz
	100
	100

	Subcarrier Spacing
	KHz
	120
	120

	Antenna Configuration
	
	1x2
	1x2 low

	Special subframe configuration
	
	TBD
	TBD

	Uplink-downlink configuration
	
	TBD
	TBD

	OCNG Pattern
	
	TBD
	TBD

	PDCCH_beta
	dB
	4
	4

	PDCCH_DMRS_beta
	dB
	4
	4

	PBCH_beta
	dB
	0
	0

	PSS_beta
	dB
	
	

	SSS_beta
	dB
	
	

	PDSCH_beta
	dB
	
	

	OCNG_betaNote 1
	dB
	
	

	SNR Note 5, 6
	dB
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
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	dBm/120 kHz
	-89
	-89

	Propagation condition
	
	AWGN
	TBD

	Note 1:
OCNG shall be used such that the resources in cell # 1 are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
The uplink resources for CQI reporting are assigned to the UE prior to the start of time period T1.

Note 3:
The timers and layer 3 filtering related parameters are configured prior to the start of time period T1.

Note 4:
The signal contains PDCCH for UEs other than the device under test as part of OCNG.

Note 5:
SNR levels correspond to the signal to noise ratio over the SSS REs.

Note 6:
The SNR in time periods T1, T2 and T3 is denoted as SNR1, SNR2 and SNR3 respectively in figure 2.



[image: image4.emf]Qin

Qout

SNRlevel

A

B

T1 T2

T3

[200+40]ms

C

SNR1

SNR2

SNR3


Figure 2. SNR variation for out-of-sync testing

Test Requirements:

The UE behavior in each test during time durations T1, T2 and T3 shall be as follows:

During the period from time point A to time point B the UE shall transmit uplink signal at least in all uplink slots configured for CQI transmission according to the configured CQI reporting mode (periodic WB CQI).

The UE shall stop transmitting uplink signal no later than time point C (240 ms after the start of the time duration T3).

The rate of correct events observed during repeated tests shall be at least 90%.

Proposal 3: Use the tests defined in Table 4 and Table 5 for out-of-sync SSB based radio link monitoring for FR2 TDD.
5. FDD RLM Tests for Out-of-sync
In Tables 6 and 7, we define the test parameters for FDD out-of-sync testing.

Table 6: General test parameters for NR FDD out-of-sync testing

	Parameter
	Unit
	Value
	Comment

	
	
	Test 1
	Test 2
	

	PDCCH parameters
	
	R.1 FDD
	R.1 FDD
	As specified in Table 1. 

None of the PDCCH are intended for the UE under test

	SSB Periodicity
	ms
	20
	10
	

	OCNG parameters
	
	TBD
	TBD
	

	Active cell
	
	Cell 1
	Cell 1
	Cell 1 is on NR RF channel number 1

	CP length

	
	Normal
	Normal
	

	NR RF Channel Number
	
	1
	1
	One NR FDD carrier frequency is used.

	NR Channel Bandwidth (BWchannel)
	MHz
	10
	10
	

	Subcarrier Spacing
	KHz
	15
	15
	

	Correlation Matrix and Antenna Configuration
	
	1x2
	1x2 Low 
	

	Out of sync transmission parameters (Note 1)
	DCI format
	
	1-0
	1-0
	As defined in clause 7.3.1.2.1 in TS 38.212

	
	Number of Control OFDM symbols
	
	2
	2
	Out of sync threshold Qout and the corresponding hypothetical PDCCH/PCFICH transmission parameters are as specified in clause 8.1.2 and Table 8.1.2.1-1 respectively.

	
	Aggregation level 
	CCE
	8
	8
	

	
	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	dB
	4
	4
	

	
	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	dB
	4
	4
	

	
	DMRS precoder granularity
	
	REG bundle size
	REG bundle size
	

	
	REG bundle size
	
	6
	6
	

	DRX
	
	OFF
	OFF
	

	Layer 3 filtering
	
	Enabled
	Enabled
	Counters:

N310 = 1; N311 = 1

	T310 timer
	ms
	0
	0
	T310 is disabled

	T311 timer
	ms
	1000
	1000
	T311 is enabled

	Periodic CQI reporting mode
	
	Short PUCCH Type 1 WB
	Short PUCCH Type 1 WB
	

	CQI reporting periodicity
	slots
	5
	5
	Minimum CQI reporting periodicity

	Propagation channel
	
	AWGN
	TDL-C 300ns 100Hz
	.

	T1
	s
	1
	1
	

	T2
	s
	0.4
	0.4
	

	T3
	s
	0.5
	0.5
	

	Note 1: 
PDCCH corresponding to the out of sync transmission parameters need not be included in the Reference Measurement Channel.


Table 7: Cell specific test parameters for NR FDD (cell # 1) for out-of-sync radio link monitoring tests

	Parameter
	Unit
	Test 1
	Test 2

	
	
	T1
	T2
	T3
	T1
	T2
	T3

	NR RF Channel Number
	
	1
	1

	BWchannel
	MHz
	10
	10

	Subcarrier Spacing
	KHz
	15
	15

	Antenna Configuration
	
	1x2
	1x2 low

	OCNG Pattern
	
	TBD
	TBD

	PDCCH_beta
	dB
	4
	4

	PDCCH_DMRS_beta
	dB
	4
	4

	PBCH_beta
	dB
	0
	0

	PSS_beta
	dB
	
	

	SSS_beta
	dB
	
	

	PDSCH_beta
	dB
	
	

	OCNG_betaNote 1
	dB
	
	

	SNR Note 6,7
	dB
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
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	dBm/15 kHz
	-98
	-98

	Propagation condition
	
	AWGN
	TDL-C 300ns 100Hz

	Note 1:
OCNG shall be used such that the resources in cell # 1 are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
The uplink resources for CQI reporting are assigned to the UE prior to the start of time period T1.

Note 3:
The timers and layer 3 filtering related parameters are configured prior to the start of time period T1.

Note 4:
The signal contains PDCCH for UEs other than the device under test as part of OCNG.

Note 5:
SNR levels correspond to the signal to noise ratio over the SSS REs.

Note 6:
The SNR in time periods T1, T2 and T3 is denoted as SNR1, SNR2 and SNR3 respectively in figure 3.

Note 7:
The SNR values are specified for testing a UE which supports 2RX on at least one band. For testing of a UE which supports 4RX on all bands, the SNR during T3 is TBD.
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Figure 3. SNR variation for out-of-sync testing

Test Requirements:

The UE behavior in each test during time durations T1, T2 and T3 shall be as follows:

During the period from time point A to time point B the UE shall transmit uplink signal at least in all uplink slots configured for CQI transmission according to the configured CQI reporting mode (periodic WB CQI).

The UE shall stop transmitting uplink signal no later than time point C (240 ms after the start of the time duration T3).

The rate of correct events observed during repeated tests shall be at least 90%.

Proposal 4: Use the tests defined in Table 6 and Table 7 for out-of-sync SSB based radio link monitoring for FDD.
6. TDD FR1 RLM Tests for In-sync
In Tables 8 and 9, we define the test parameters for TDD FR1 in-sync testing.

Table 8: General test parameters for NR FR1 TDD in-sync testing

	Parameter
	Unit
	Value
	Comment

	
	
	Test 1
	Test 2
	

	PDCCH parameters
	
	R.1 TDD
	R.1 TDD
	As specified in Table 1. 

None of the PDCCH are intended for the UE under test

	SSB periodicity
	ms
	10
	10
	

	OCNG parameters
	
	TBD
	TBD
	

	Active cell
	
	Cell 1
	Cell 1
	Cell 1 is on NR RF channel number 1

	CP length

	
	Normal
	Normal
	

	NR Channel Number
	
	1
	1
	One NR TDD FR1 carrier frequency is used.

	NR Channel Bandwidth (BWchannel)
	MHz
	40
	40
	

	Subcarrier Spacing
	KHz
	30
	30
	

	Correlation Matrix and Antenna Configuration
	
	1x2 Low 
	1x2 Low 
	

	In sync transmission parameters
(Note 1)
	DCI format
	
	1-0
	1-0
	As defined in clause 7.3.1.2.1 in TS 38.212

	
	Number of Control OFDM symbols
	
	2
	2
	In sync threshold Qin and the corresponding hypothetical PDCCH transmission parameters are as specified in clause 8.1.2 and Table 8.1.2.1-2 respectively.

	
	Aggregation level 
	CCE
	4
	4
	

	
	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	dB
	0
	0
	

	
	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	dB
	0
	0
	

	
	DMRS precoder granularity
	
	REG bundle size
	REG bundle size
	

	
	REG bundle size
	
	6
	6
	

	Out of sync transmission parameters
(Note 1)
	DCI format
	
	1-0
	1-0
	As defined in clause 7.3.1.2.1 in TS 38.212

	
	Number of Control OFDM symbols
	
	2
	2
	Out of sync threshold Qout and the corresponding hypothetical PDCCH transmission parameters are as specified in clause 8.1.2 and Table 8.1.2.1-1 respectively.

	
	Aggregation level 
	CCE
	8
	8
	

	
	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	dB
	4
	4
	

	
	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	dB
	4
	4
	

	
	DMRS precoder granularity
	
	REG bundle size
	REG bundle size
	

	
	REG bundle size
	
	6
	6
	

	DRX
	
	OFF
	OFF
	

	Layer 3 filtering
	
	Enabled
	Enabled
	Counters:

N310 = 1; N311 = 1

	T310 timer
	ms
	2000
	2000
	T310 is enabled

	T311 timer
	ms
	1000
	1000
	T311 is enabled

	Periodic CQI reporting mode
	
	Short PUCCH Type 1 WB
	Short PUCCH Type 1 WB
	

	CQI reporting periodicity
	slots
	5
	5
	Minimum CQI reporting periodicity

	Propagation channel
	
	TDL-A 30ns 100Hz
	TDL-C 300ns 100Hz
	

	T1
	s
	0.5
	0.5
	


	T2
	s
	0.4
	0.4
	

	T3
	s
	1.46
	1.46
	

	T4
	s
	0.4
	0.4
	

	T5
	s
	1
	1
	

	Note 1: 
PDCCH corresponding to the in-sync and out of sync transmission parameters need not be included in the Reference Measurement Channel.


Table 9: Cell specific test parameters for NR FR1 TDD (cell # 1) for in-sync radio link monitoring tests

	Parameter
	Unit
	Test 1
	Test 2

	
	
	T1
	T2
	T3
	T4
	T5
	T1
	T2
	T3
	T4
	T5

	NR RF Channel Number
	
	1
	1

	BWchannel
	MHz
	40
	40

	Subcarrier Spacing
	KHz
	30
	30

	Correlation Matrix and Antenna Configuration
	
	1x2 Low 
	1x2 Low 

	Special subframe configuration
	
	TBD
	TBD

	Uplink-downlink configuration
	
	TBD
	TBD

	OCNG Pattern
	
	TBD
	TBD

	PDCCH_beta
	dB
	0
	0

	PDCCH_DMRS_beta
	dB
	0
	0

	PBCH_beta
	dB
	0
	0

	PSS_beta
	dB
	
	

	SSS_beta
	dB
	
	

	PDSCH_beta
	dB
	
	

	OCNG_betaNote 1
	dB
	
	

	SNR Note 5,6
	dB
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
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	dBm/30 kHz
	-95
	-95

	Propagation condition
	
	TDL-A 30ns 100Hz
	TDL-C 300ns 100Hz

	Note 1:
OCNG shall be used such that the resources in cell # 1 are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
The uplink resources for CQI reporting are assigned to the UE prior to the start of time period T1.

Note 3:
The timers and layer 3 filtering related parameters are configured prior to the start of time period T1.

Note 4:
The signal contains PDCCH for UEs other than the device under test as part of OCNG.

Note 5: 
SNR levels correspond to the signal to noise ratio over the SSS REs.

Note 6:
The SNR in time periods T1, T2, T3, T4 and T5 is denoted as SNR1, SNR2, SNR3, SNR4 and SNR5 respectively in figure 4.

Note 7:
The SNR values are specified for testing a UE which supports 2RX on at least one band. For testing of a UE which supports 4RX on all bands, the SNR during T3 and T4 is TBD.
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Figure 4: SNR variation for in-sync testing

Test Requirements:

The UE behaviour in each test during time durations T1, T2, T3, T4 and T5 shall be as follows:

During the period from time point A to time point F (420 ms after the start of time duration T5) the UE shall transmit uplink signal at least in all uplink slots configured for CQI transmission according to the configured CQI mode (periodic WB CQI).

The rate of correct events observed during repeated tests shall be at least 90%.

Proposal 5: Use the tests defined in Table 8 and Table 9 for in-sync SSB based radio link monitoring for FR1 TDD.
7. TDD FR2 RLM Tests for In-sync

In Tables 10 and 11, we define the test parameters for TDD FR2 in-sync testing.

Table 10: General test parameters for NR FR2 TDD in-sync testing

	Parameter
	Unit
	Value
	Comment

	
	
	Test 1
	Test 2
	

	PDCCH parameters
	
	R.2 TDD
	R.2 TDD
	As specified in Table 1. 

None of the PDCCH are intended for the UE under test

	SSB periodicity
	ms
	10
	10
	

	OCNG parameters
	
	TBD
	TBD
	

	Active cell
	
	Cell 1
	Cell 1
	Cell 1 is on NR RF channel number 1

	CP length

	
	Normal
	Normal
	

	NR Channel Number
	
	1
	1
	One NR TDD FR2 carrier frequency is used.

	NR Channel Bandwidth (BWchannel)
	MHz
	100
	100
	

	Subcarrier Spacing
	KHz
	120
	120
	

	Correlation Matrix and Antenna Configuration
	
	1x2 Low 
	1x2 Low 
	

	In sync transmission parameters
(Note 1)
	DCI format
	
	1-0
	1-0
	As defined in clause 7.3.1.2.1 in TS 38.212

	
	Number of Control OFDM symbols
	
	2
	2
	In sync threshold Qin and the corresponding hypothetical PDCCH transmission parameters are as specified in clause 8.1.2 and Table 8.1.2.1-2 respectively.

	
	Aggregation level 
	CCE
	4
	4
	

	
	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	dB
	0
	0
	

	
	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	dB
	0
	0
	

	
	DMRS precoder granularity
	
	REG bundle size
	REG bundle size
	

	
	REG bundle size
	
	6
	6
	

	Out of sync transmission parameters
(Note 1)
	DCI format
	
	1-0
	1-0
	As defined in clause 7.3.1.2.1 in TS 38.212

	
	Number of Control OFDM symbols
	
	2
	2
	Out of sync threshold Qout and the corresponding hypothetical PDCCH transmission parameters are as specified in clause 8.1.2 and Table 8.1.2.1-1 respectively.

	
	Aggregation level 
	CCE
	8
	8
	

	
	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	dB
	4
	4
	

	
	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	dB
	4
	4
	

	
	DMRS precoder granularity
	
	REG bundle size
	REG bundle size
	

	
	REG bundle size
	
	6
	6
	

	DRX
	
	OFF
	OFF
	

	Layer 3 filtering
	
	Enabled
	Enabled
	Counters:

N310 = 1; N311 = 1

	T310 timer
	ms
	2000
	2000
	T310 is enabled

	T311 timer
	ms
	1000
	1000
	T311 is enabled

	Periodic CQI reporting mode
	
	Short PUCCH Type 1 WB
	Short PUCCH Type 1 WB
	

	CQI reporting periodicity
	slots
	5
	5
	Minimum CQI reporting periodicity

	Propagation channel
	
	TBD
	TBD
	

	T1
	s
	0.5
	0.5
	


	T2
	s
	0.4
	0.4
	

	T3
	s
	1.46
	1.46
	

	T4
	s
	0.4
	0.4
	

	T5
	s
	1
	1
	

	Note 1: 
PDCCH corresponding to the in-sync and out of sync transmission parameters need not be included in the Reference Measurement Channel.


Table 11: Cell specific test parameters for NR FR2 TDD (cell # 1) for in-sync radio link monitoring tests

	Parameter
	Unit
	Test 1
	Test 2

	
	
	T1
	T2
	T3
	T4
	T5
	T1
	T2
	T3
	T4
	T5

	NR RF Channel Number
	
	1
	1

	BWchannel
	MHz
	100
	100

	Subcarrier Spacing
	KHz
	120
	120

	Correlation Matrix and Antenna Configuration
	
	1x2 Low 
	1x2 Low 

	Special subframe configuration
	
	TBD
	TBD

	Uplink-downlink configuration
	
	TBD
	TBD

	OCNG Pattern
	
	TBD
	TBD

	PDCCH_beta
	dB
	0
	0

	PDCCH_DMRS_beta
	dB
	0
	0

	PBCH_beta
	dB
	0
	0

	PSS_beta
	dB
	
	

	SSS_beta
	dB
	
	

	PDSCH_beta
	dB
	
	

	OCNG_betaNote 1
	dB
	
	

	SNR Note 5,6
	dB
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
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	dBm/120 kHz
	-89
	-89

	Propagation condition
	
	TBD
	TBD

	Note 1:
OCNG shall be used such that the resources in cell # 1 are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
The uplink resources for CQI reporting are assigned to the UE prior to the start of time period T1.

Note 3:
The timers and layer 3 filtering related parameters are configured prior to the start of time period T1.

Note 4:
The signal contains PDCCH for UEs other than the device under test as part of OCNG.

Note 5: 
SNR levels correspond to the signal to noise ratio over the SSS REs.

Note 6:
The SNR in time periods T1, T2, T3, T4 and T5 is denoted as SNR1, SNR2, SNR3, SNR4 and SNR5 respectively in figure 5.
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Figure 5: SNR variation for in-sync testing

Test Requirements:

The UE behaviour in each test during time durations T1, T2, T3, T4 and T5 shall be as follows:

During the period from time point A to time point F (420 ms after the start of time duration T5) the UE shall transmit uplink signal at least in all uplink slots configured for CQI transmission according to the configured CQI mode (periodic WB CQI).

The rate of correct events observed during repeated tests shall be at least 90%.

Proposal 6: Use the tests defined in Table 10 and Table 11 for in-sync SSB based radio link monitoring for FR2 TDD.
8. FDD RLM Tests for In-sync
In Tables 12 and 13, we define the test parameters for FDD in-sync testing.

Table 10: General test parameters for NR FDD in-sync testing

	Parameter
	Unit
	Value
	Comment

	
	
	Test 1
	Test 2
	

	PDCCH parameters
	
	R.1 FDD
	R.1 FDD
	As specified in Table 1. 

None of the PDCCH are intended for the UE under test

	SSB periodicity
	ms
	10
	10
	

	OCNG parameters
	
	TBD
	TBD
	

	Active cell
	
	Cell 1
	Cell 1
	Cell 1 is on NR RF channel number 1

	CP length

	
	Normal
	Normal
	

	NR Channel Number
	
	1
	1
	One NR FDD carrier frequency is used.

	NR Channel Bandwidth (BWchannel)
	MHz
	10
	10
	

	Subcarrier Spacing
	KHz
	15
	15
	

	Correlation Matrix and Antenna Configuration
	
	1x2 Low 
	1x2 Low 
	

	In sync transmission parameters
(Note 1)
	DCI format
	
	1-0
	1-0
	As defined in clause 7.3.1.2.1 in TS 38.212

	
	Number of Control OFDM symbols
	
	2
	2
	In sync threshold Qin and the corresponding hypothetical PDCCH transmission parameters are as specified in clause 8.1.2 and Table 8.1.2.1-2 respectively.

	
	Aggregation level 
	CCE
	4
	4
	

	
	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	dB
	0
	0
	

	
	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	dB
	0
	0
	

	
	DMRS precoder granularity
	
	REG bundle size
	REG bundle size
	

	
	REG bundle size
	
	6
	6
	

	Out of sync transmission parameters
(Note 1)
	DCI format
	
	1-0
	1-0
	As defined in clause 7.3.1.2.1 in TS 38.212

	
	Number of Control OFDM symbols
	
	2
	2
	Out of sync threshold Qout and the corresponding hypothetical PDCCH transmission parameters are as specified in clause 8.1.2 and Table 8.1.2.1-1 respectively.

	
	Aggregation level 
	CCE
	8
	8
	

	
	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	dB
	4
	4
	

	
	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	dB
	4
	4
	

	
	DMRS precoder granularity
	
	REG bundle size
	REG bundle size
	

	
	REG bundle size
	
	6
	6
	

	DRX
	
	OFF
	OFF
	

	Layer 3 filtering
	
	Enabled
	Enabled
	Counters:

N310 = 1; N311 = 1

	T310 timer
	ms
	2000
	2000
	T310 is enabled

	T311 timer
	ms
	1000
	1000
	T311 is enabled

	Periodic CQI reporting mode
	
	Short PUCCH Type 1 WB
	Short PUCCH Type 1 WB
	

	CQI reporting periodicity
	slots
	5
	5
	Minimum CQI reporting periodicity

	Propagation channel
	
	TDL-A 30ns 100Hz
	TDL-C 300ns 100Hz
	

	T1
	s
	0.5
	0.5
	


	T2
	s
	0.4
	0.4
	

	T3
	s
	1.46
	1.46
	

	T4
	s
	0.4
	0.4
	

	T5
	s
	1
	1
	

	Note 1: 
PDCCH corresponding to the in-sync and out of sync transmission parameters need not be included in the Reference Measurement Channel.


Table 11: Cell specific test parameters for NR FR2 TDD (cell # 1) for in-sync radio link monitoring tests

	Parameter
	Unit
	Test 1
	Test 2

	
	
	T1
	T2
	T3
	T4
	T5
	T1
	T2
	T3
	T4
	T5

	NR RF Channel Number
	
	1
	1

	BWchannel
	MHz
	10
	10

	Subcarrier Spacing
	KHz
	15
	15

	Correlation Matrix and Antenna Configuration
	
	1x2 Low 
	1x2 Low 

	OCNG Pattern
	
	TBD
	TBD

	PDCCH_beta
	dB
	0
	0

	PDCCH_DMRS_beta
	dB
	0
	0

	PBCH_beta
	dB
	0
	0

	PSS_beta
	dB
	
	

	SSS_beta
	dB
	
	

	PDSCH_beta
	dB
	
	

	OCNG_betaNote 1
	dB
	
	

	SNR Note 5,6
	dB
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
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	dBm/15 kHz
	-98
	-98

	Propagation condition
	
	TDL-A 30ns 100Hz
	TDL-C 300ns 100Hz

	Note 1:
OCNG shall be used such that the resources in cell # 1 are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
The uplink resources for CQI reporting are assigned to the UE prior to the start of time period T1.

Note 3:
The timers and layer 3 filtering related parameters are configured prior to the start of time period T1.

Note 4:
The signal contains PDCCH for UEs other than the device under test as part of OCNG.

Note 5: 
SNR levels correspond to the signal to noise ratio over the SSS REs.

Note 6:
The SNR in time periods T1, T2, T3, T4 and T5 is denoted as SNR1, SNR2, SNR3, SNR4 and SNR5 respectively in figure 6.

Note 7:
The SNR values are specified for testing a UE which supports 2RX on at least one band. For testing of a UE which supports 4RX on all bands, the SNR during T3 and T4 is TBD.
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Figure 6: SNR variation for in-sync testing

Test Requirements:

The UE behaviour in each test during time durations T1, T2, T3, T4 and T5 shall be as follows:

During the period from time point A to time point F (420 ms after the start of time duration T5) the UE shall transmit uplink signal at least in all uplink slots configured for CQI transmission according to the configured CQI mode (periodic WB CQI).

The rate of correct events observed during repeated tests shall be at least 90%.

Proposal 7: Use the tests defined in Table 12 and Table 13 for in-sync SSB based radio link monitoring for FDD.
9. Conclusions
This paper proposes SSB based radio link monitoring tests for NR. Following has been proposed:
Proposal 1: Use PDCCH Reference Measurement Channels as defined in Table 1 for SSB based RLM tests.

Proposal 2: Use the tests defined in Table 2 and Table 3 for out-of-sync SSB based radio link monitoring for FR1 TDD.
Proposal 3: Use the tests defined in Table 4 and Table 5 for out-of-sync SSB based radio link monitoring for FR2 TDD.
Proposal 4: Use the tests defined in Table 6 and Table 7 for out-of-sync SSB based radio link monitoring for FDD.

Proposal 5: Use the tests defined in Table 8 and Table 9 for in-sync SSB based radio link monitoring for FR1 TDD.

Proposal 6: Use the tests defined in Table 10 and Table 11 for in-sync SSB based radio link monitoring for FR2 TDD.

Proposal 7: Use the tests defined in Table 12 and Table 13 for in-sync SSB based radio link monitoring for FDD.
1
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