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6.5	Signaling characteristics
[bookmark: _Toc523479011]6.5.1	Radio link monitoring
The UE shall monitor the downlink link quality based on the reference signal in the configured RLM-RS resource(s) in order to detect the downlink radio link quality of the PCell and PCell as specified in [3]. The configured RLM-RS resources can be all SSBs, or all CSI-RSs, or a mix of SSBs and CSI-RSs. UE is not required to perform RLM outside the active DL BWP.
On each RLM-RS resource, the UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the cell.
The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to the out-of-sync block error rate (BLERout) as defined in Table 6.5.1-1. For SSB based radio link monitoring, Qout_SSB is derived based on the hypothetical PDCCH transmission parameters listed in Table 6.5.1.1.4.1-3. For CSI-RS based radio link monitoring, Qout_CSI-RS is derived based on the hypothetical PDCCH transmission parameters listed in Table [4.x.x.x-x].
The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to the in-sync block error rate (BLERin) as defined in Table 6.5.1-1. For SSB based radio link monitoring, Qin_SSB is derived based on the hypothetical PDCCH transmission parameters listed in Table 6.5.1.1.4.1-3. For CSI-RS based radio link monitoring, Qin_CSI-RS is derived based on the hypothetical PDCCH transmission parameters listed in Table [4.x.x.x-x]
The out-of-sync block error rate (BLERout) and in-sync block error rate (BLERin) are determined from the network configuration via parameter rlmInSyncOutOfSyncThreshold signalled by higher layers. When UE is not configured with RLM-IS-OOS-thresholdConfig from the network, UE determines out-of-sync and in-sync block error rates from Configuration #0 in Table 6.5.1-1 as default. All requirements here are applicable for BLER Configuration #0 in Table 6.5.1-1.
Table 6.5.1-1: Out-of-sync and in-sync block error rates
	Configuration
	BLERout
	BLERin

	0
	10%
	2%



UE shall be able to monitor up to XRLM-RS RLM-RS resources of the same or different types in each corresponding carrier frequency range, where XRLM-RS is specified in Table 6.5.1-2, and meet the requirements as specified in this section.
[bookmark: _Hlk506716765]Table 6.5.1-2: Maximum number of RLM-RS resources XRLM-RS
	Maximum number of RLM-RS resources, XRLM-RS
	Carrier frequency range of PCell/Pcell

	2
	FR1, ≤ 3 GHz

	4
	FR1, > 3 GHz

	8
	FR2


If different SCS is used for CSI-RS based RLM-RS and SSB, then CSI-RS based RLM-RS and SSB shall be TDMed. If same SCS is used for CSI-RS based RLM-RS and SSB, then CSI-RS based RLM-RS and SSB can be FDMed or TDMed.
Any uplink signal transmitted by the UE is used for detecting the In-/Out-of-Sync state of the UE. In terms of measurement, the uplink signal is verified on the basis of the UE output power:
For intra-band contiguous carrier aggregation, transmit OFF power is measured as the mean power per component carrier.
For UE with multiple transmit antennas, transmit OFF power is measured as the mean power at each transmit connector.
-	UE output power higher than Transmit OFF power [-50] dBm (as defined in TS 38.101-3 [TBD]) means uplink signal
-	UE output power equal to or less than Transmit OFF power [-50] dBm (as defined in TS 38.101-3 [TBD]) means no uplink signal.
6.5.1.1	NR SA FR1 radio link monitoring out-of-sync test for PCell configured with SSB-based RLM RS in non-DRX mode  
Editor’s note: This test case is incomplete. The following aspects are either missing or TBD
- Test tolerance analysis is missing
- Message contents are TBD
- Cell mapping is TBD
- Connection diagram is TBD
[bookmark: _Hlk535878601]-Initial Conditions has some TBD
-Test Requirement has some TBD
- Message Exceptions is FFS
6.5.1.1.1 	Test purpose
The purpose of this test is to verify that the UE properly detects the out of sync for the purpose of monitoring downlink radio link quality of the PCell configured with SSB-based RLM RS in non-DRX mode. This test will partly verify the NR cell radio link monitoring requirements in TS 38.133 [6] section 8.1.2.
6.5.1.1.2 	Test applicability
This test applies to all types of NR UE from Release 15 onwards. 
6.5.1.1.3 	Minimum conformance requirement
UE shall be able to evaluate whether the downlink radio link quality on the configured RLM-RS resource estimated over the last TEvaluate_out_SSB [ms] period becomes worse than the threshold Qout_SSB within TEvaluate_out_SSB [ms] evaluation period. The requirements in this section apply for each SSB based RLM-RS resource configured for PCell, provided that the SSB configured for RLM is transmitted within UE active DL BWP during the entire evaluation period specified in Table 6.5.1.1.3-1.
TEvaluate_out_SSB is defined in Table 6.5.1.1.3-1 for FR1
If the high layer in TS 38.331 [13] signaling of smtc2 is present, TSMTCperiod follows smtc2; otherwise TSMTCperiod follows smtc1.
Longer evaluation period would be expected if the combination of RLM-RS, SMTC occasion and measurement gap configurations does not meet pervious conditions.
When the downlink radio link quality on all the configured RLM-RS resources is worse than Qout, Layer 1 of the UE shall send an out-of-sync indication for the cell to the higher layers. A Layer 3 filter shall be applied to the out-of-sync indications as specified in TS 38.331 [13].
The out-of-sync and in-sync evaluations for the configured RLM-RS resources shall be performed as specified in clause 5 in TS 38.213 [3]. Two successive indications from Layer 1 shall be separated by at least TIndication_interval.
When the UE transitions from a first configuration of RLM-RS resources to a second configuration of RLM-RS resources that is different from the first configuration, for each RLM-RS resource present in the second configuration, for a duration of time equal to the evaluation period corresponding to the second configuration after the transition occurs, the UE shall use an evaluation period that is no less than the minimum of evaluation periods corresponding to the first configuration and the second configuration. Subsequent to this duration, the UE shall use an evaluation period corresponding to the second configuration for each RLM-RS resource present in the second configuration. This requirement shall be applied to both out-of-sync evaluation and in-sync evaluation of the monitored cell.
When DRX is not used TIndication_interval is max(10ms, TRLM-RS,M), where TRLM,M is the shortest periodicity of all configured RLM-RS resources for the monitored cell, which corresponds to TSSB specified in section 8.1.2 if the RLM-RS resource is SSB.
The transmitter power of the UE in the monitored cell shall be turned off within 40ms after expiry of T310 timer as specified in TS 38.331 [13].
There are no scheduling restrictions due to radio link monitoring performed with a same subcarrier spacing as PDSCH/PDCCH on FR1.
For UE which support simultaneousRxDataSSB-DiffNumerology [14] there are no restrictions on scheduling availability due to radio link monitoring based on SSB as RLM-RS. For UE which do not support simultaneousRxDataSSB-DiffNumerology [11] the following restrictions apply due to radio link monitoring based on SSB as RLM-RS.
-	The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for radio link monitoring.
The normative reference for this requirement is TS 38.133 [6] clauses 8.1.2, 8.1.4, 8.1.5, 8.1.6, 8.1.7 and A.7.5.1.
Table 6.5.1.1.3-1: Evaluation period TEvaluate_out for FR1
	[bookmark: _Hlk513850563]Configuration
	TEvaluate_out_SSB (ms) 

	no DRX
	max(200,ceil(10*P)*TSSB)

	NOTE:	TSSB is the periodicity of SSB configured for RLM. 



6.5.1.1.4	Test description
There is one cell (Cell 1), which is the active NR cell, in the test. The test consists of three successive time periods, with time duration of T1, T2 and T3 respectively. Figure 6.5.1.1.4-1 shows the variation of the downlink SNR in the active cell to emulate out-of-sync and in-sync states. Prior to the start of the time duration T1, the UE shall be fully synchronized to Cell 1. The UE shall be configured for periodic CSI reporting with a reporting periodicity of [5] ms. The UE is configured to perform inter-frequency measurements using Gap Pattern ID #0 (40ms) in test 2.
[image: ]
Figure 6.5.1.1.4-1: SNR variation for out-of-sync testing

6.5.1.1.4.1 	Initial conditions
Initial conditions are a set of test configurations the UE needs to be tested in and the steps for the SS to take with the UE to reach the correct measurement state.
The initial test configurations consist of environmental conditions, test frequencies, test channel bandwidths and sub-carrier spacing based on NR operating bands specified in Table [5.3.5-1] and Table [5.3.6-1] of 38.521-1 [17].
This test shall be tested using any of the test configurations in Table 6.5.1.1.4.1-1.
Table 6.5.1.1.4.1-1: NA SA FR1 radio link monitoring out-of-sync test for PCell configured with SSB-based RLM RS in non-DRX mode supported test configurations
	Configuration
	Description

	1
	FDD, SSB SCS 15 KHz, data SCS 15KHz, BW 10MHz

	2
	TDD, SSB SCS 15 KHz, data SCS 15KHz, BW 10MHz

	3
	TDD, SSB SCS 30 KHz, data SCS 30KHz, BW 40MHz

	Note: The UE is only required to pass in one of the supported test configurations in FR1



Configure the test equipment and the DUT according to the parameters in Table 6.5.1.1.4.1-2
Table 6.5.1.1.4.1-2: Initial conditions for NR SA FR1 radio link monitoring out-of-sync test for PCell configured with SSB-based RLM RS in non-DRX mode
	Parameter
	Value
	Comment

	Test environment
	NC
	As specified in TS 38.508-1 [14] clause 4.1.

	Test frequencies
	As specified in Annex E.1.2, Table E.4-1 and TS 38.508-1 [14] clause 4.3.1.

	Channel bandwidth
	As specified by the test configuration selected from Table 6.5.1.1.4.1-1

	Propagation conditions
	AWGN
	As specified in Annex C.2.2.

	Connection Diagram
	TE Part
	A.3.TBD
	As specified in TS 38.508-1 [14] Annex A.

	
	DUT Part
	A.3.TBD
	

	Exceptions to connection diagram
	N/A
	



PDCCH transmission parameters are given in Table 6.5.1.1.4.1-3
Table 6.5.1.1.4.1-3: PDCCH transmission parameters for out-of-sync
	Attribute
	Value for BLER Configuration #0

	DCI format
	1-0

	Number of control OFDM symbols
	2

	Aggregation level (CCE)
	8

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

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

	Bandwidth (MHz)
	TBD

	Sub-carrier spacing (kHz)
	TBD

	DMRS precoder granularity
	REG bundle size

	REG bundle size
	6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed



1. Message contents are defined in clause 6.5.1.1.4.3.
2. The power levels and settings for Cell are set according to Annex TBD, Table TBD . The connection setup is done according to the settings in Annex C.1.3, and the downlink signal levels as per Annex C.1.2
3. The test parameters are given in Table 6.5.1.1.4.1-4 below. 
4. Downlink signals for NR cell are initially set up according to Annex [C.0], [C.1], [C.2], [C.3.1] and uplink signals according to Annex [G.0], [G.1], [G.2], [G.3.1].
5. Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On according to TS 38.508-1 [10] clause 4.5.	
Table 6.5.1.1.4.1-4: General test parameters for FR1 out-of-sync testing in non-DRX mode
	Parameter
	Unit
	Value

	
	
	Test 1
	Test 2

	Active PCell
	
	Cell 1
	Cell 1

	RF Channel Number
	
	1
	1

	Duplex mode
	Config 1
	
	FDD
	FDD

	
	Config 2, 3
	
	TDD
	TDD

	TDD Configuration
	Config 1
	
	Not Applicable
	Not Applicable

	
	Config 2
	
	[TDDConf.1.1]
	[TDDConf.1.1]

	
	Config 3
	
	[TDDConf.1.2]
	[TDDConf.1.2]

	CORESET Reference Channel
	Config 1
	
	[CR. 1.1 FDD]
	[CR. 1.1 FDD]

	
	Config 2
	
	[CR. 1.1 TDD]
	[CR. 1.1 TDD]

	
	Config 3
	
	[CR. 2.1 TDD]
	[CR. 2.1 TDD]

	SSB Configuration
	Config 1
	
	Table A.3.2.2.1.1-1
	Table A.3.2.2.1.1-1

	
	Config 2
	
	Table A.3.2.2.1.1-1
	Table A.3.2.2.1.1-1

	
	Config 3
	
	Table A.3.2.2.1.2-1
	Table A.3.2.2.1.2-1

	SMTC Configuration
	Config 1, 2
	
	Table A.3.2.3.1-1
	Table A.3.2.3.1-1

	
	Config 3
	
	Table A.3.2.3.1-1
	Table A.3.2.3.1-1

	PDSCH/PDCCH subcarrier spacing
	Config 1, 2
	
	15 KHz
	15 KHz

	
	Config 3
	
	30 KHz
	30 KHz

	PRACH Configuration
	Config 1, 2
	
	TBD
	TBD

	
	Config 3
	
	TBD
	TBD

	SSB index assigned as RLM RS
	
	[0]
	[0]

	OCNG parameters
	
	Table A.3.2.1.1-1
	Table A.3.2.1.1-1

	CP length	
	
	Normal
	Normal

	Correlation Matrix and Antenna Configuration
	
	[2x2 Low]
	[2x2 Low]

	

Out of sync transmission parameters 
	DCI format
	
	1-0
	1-0

	
	Number of Control OFDM symbols
	
	2
	2

	
	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

	Gap pattern ID 
	
	[N.A.]
	*[gp0]

	Layer 3 filtering
	
	Enabled
	Enabled

	T310 timer
	ms
	0
	0

	T311 timer
	ms
	1000
	1000

	N310
	
	1
	1

	N311
	
	1
	1

	NZP CSI-RS configuration 
	
	TBD
	TBD

	ZP CSI-RS configuation 
	
	TBD
	TBD

	CSI-IM configuration 
	
	TBD
	TBD

	Periodic CSI reporting 
	
	PUCCH

	PUCCH


	CSI reporting periodicity
	Config 1, 2
	slot
	[5] 
	[5] 

	
	Config 3
	
	[10]
	[10]

	T1
	s
	1
	1

	T2
	s
	0.4
	0.4

	T3
	s
	[0.6]
	[0.6]

	D1
	s
	[0.24]
	[0.44]

	Note 1:       All configurations are assigned to the UE prior to the start of time period T1.
Note 2:	UE-specific PDCCH is not transmitted after T1 starts.




6.5.1.1.4.2 	Test Procedure
There is one cell (Cell 1), which is the active NR cell, in the test. Prior to the start of the time duration T1, the UE shall be fully synchronized to PCell. The UE shall be configured for periodic CQI reporting in PUCCH [format 1] with a reporting periodicity as mentioned in the above table 6.5.1.1.4.1-4.
1. Set the parameters according to T1 in Table 6.5.1.1.4.4-1 for subtest 1 and 2. Propagation conditions are set according to Annex TBD. T1 starts.
2. When T1 expires the SS shall change the SNR value to T2 as specified in Table 6.5.1.1.4.4-1 for subtests 1 and 2. T2 starts.
3. When T2 expires the SS shall change the SNR value to T3 as specified in Table 6.5.1.1.4.4-1 for subtests 1 and 2. T3 starts.
4. If the SS:

a) detects uplink power equal to or higher than [-50 dBm] in each subframe configured for CQI transmission (according to configured CQI periodicity on PUCCH [format 1]) during the period from time point A to time point B
and

b) does not detect any uplink power higher than [-50 dBm] from time point C (240 ms after the start of T3) until T3 expires,

the number of successful tests is increased by one.
5. Otherwise the number of failed tests is increased by one.
6. When T3 expires the SS shall change the SNR value to T1 as specified in Table 6.5.1.1.4.4-1 for subtests 1 and 2.
7. If the UE has not re-established the connection in at least 1s, the UE is switched off and then on. Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On according to TS 38.508-1 [10] clause 4.5.
8. Repeat steps 2-7 for all subtests until the confidence level according to Tables G.2.3-1 in Annex G clause G.2 is achieved.
6.5.1.1.4.3 Message Contents
Message contents are according to TS 38.508-1 [14] clause 4.6.1.
[bookmark: _Hlk528930949]Table xx: message exceptions for SA
FFS

6.5.1.1.4.4 Test Requirement
Table 6.5.1.1.4.4-1 defines the cell specific primary level settings.
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 CSI transmission according to the configured periodic CSI reporting.
The UE shall stop transmitting uplink signal no later than time point C (D1 second after the start of the time duration T3).
The rate of correct events observed during repeated tests shall be at least 90%.
Table 6.5.1.1.4.4-1: Cell specific test parameters for FR1 (Cell 2) for out-of-sync radio link monitoring tests in non-DRX mode
	Parameter
	Unit
	Test 1
	Test 2

	
	
	T1
	T2
	T3
	T1
	T2
	T3

	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_beta
	dB
	
	

	SNR
	Config 1
	dB
	[1] 
	[-7]
	[-15] 
	[1]
	[-7]
	[-15]

	
	Config 2
	
	[1]TBD
	[-7] 
	[-15] 
	[1] 
	[-7] 
	[-15] 

	
	Config 3
	
	[1]TBD
	[-7] 
	[-15]
	[1] 
	[-7]
	[-15] 

	

	Config 1
	dBm/15KHz
	[-98]
	[-98]

	
	Config 2
	
	[-98]
	[-98]

	
	Config 3
	
	[-98]
	[-98]

	Propagation condition
	
	[TDL-C 300ns 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 signal contains PDCCH for UEs other than the device under test as part of OCNG.
Note 3:	SNR levels correspond to the signal to noise ratio over the SSS REs.
Note 4:	The SNR in time periods T1, T2 and T3 is denoted as SNR1, SNR2 and SNR3 respectively in Figure 6.5.1.1.4-1.
Note 5:	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 [A.3.6].



Table 6.5.1.1.4.4-2: Measurement gap configuration for out-of-sync tests in non-DRX mode
	Field
	Test 2

	
	Value

	gapOffset
	[0]

	Note Ensure that RLM RS is partially overlapped with measurement gap
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