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1.
Introduction

The purpose of this document is to present the methodology and principles used for the development of Test Tolerance to the Radio Link Monitoring Out of Sync Test case for EN-DC FR1 with DRX Clause 6.5.1.3 in TS 38.533.

The test cases in question, from TS 38.533, are:

	Configuration
	Description

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

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

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

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


2. 
Test Tolerances Methodology for 6.5.1.3 in TS 38.133

The test conditions are defined in the following extract from TS 38.133 v15.6.0. The test requirements will be the only section provided. 
A.6.5.1.3.1
Test Purpose and Environment

The purpose of this test is to verify that the UE properly detects the out of sync and in sync for the purpose of monitoring downlink radio link quality of the PCell when DRX is used. This test will partly verify the FR1 radio link monitoring requirements in clause 8.1.

Supported test configurations are shown in table A.6.5.1.3.1-1. The test parameters are given in Tables A.6.5.1.3.1-2, and A.6.5.1.3.1-3. 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 A.6.5.1.3.1-1 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. In the test, DRX configuration is enabled and DRX inactivity timer has already been expired, i.e. UE tries to decode PDCCH and to send periodic CSI during the period when On-duration timer is running. Time alignment timers shall be set to “infinity” so that UL timing alignment is maintained during the test. The UE is configured to perform inter-frequency measurements using Gap Pattern ID #0 (40ms) in test 2.

Table A.6.5.1.3.1-1: Supported test configurations for FR1 PCell

	Configuration
	Description

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

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

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

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


Table A.6.5.1.3.1-2: General test parameters for FR1 out-of-sync testing in DRX mode

	Parameter
	Unit
	Value

	
	
	Test 1

	Active PCell
	
	Cell 1

	RF Channel Number
	
	1

	Duplex mode
	Config 1
	
	FDD

	
	Config 2, 3
	
	TDD

	BWchannel
	Config 1
	MHz
	10: NRB,c = 52

	
	Config 2
	
	10: NRB,c = 52

	
	Config 3
	
	40: NRB,c = 106 

	DL initial BWP configuration
	Config 1, 2, 3
	
	DLBWP.0.1

	DL dedicated BWP configuration
	Config 1, 2, 3
	
	DLBWP.1.1

	UL initial BWP configuration
	Config 1, 2, 3
	
	ULBWP.0.1

	UL dedicated BWP configuration
	Config 1, 2, 3
	
	ULBWP.1.1

	TDD Configuration
	Config 1
	
	Not Applicable

	
	Config 2
	
	TDDConf.1.1

	
	Config 3
	
	TDDConf.2.1

	CORESET Reference Channel
	Config 1
	
	CR.1.1 FDD

	
	Config 2
	
	CR.1.1 TDD

	
	Config 3
	
	CR.2.1 TDD

	SSB Configuration
	Config 1
	
	SSB.1 FR1

	
	Config 2
	
	SSB.1 FR1

	
	Config 3
	
	SSB.2 FR1

	SMTC Configuration
	Config 1, 2
	
	SMTC.1

	
	Config 3
	
	SMTC.1

	PDSCH/PDCCH subcarrier spacing
	Config 1, 2
	
	15 KHz

	
	Config 3
	
	30 KHz

	PRACH Configuration 
	Config 1, 2
	
	Table A.3.8.2.4-1

	
	Config 3
	
	Table A.3.8.2.4-1

	SSB index assigned as RLM RS
	
	0

	OCNG parameters
	
	OP.1

	CP length

	
	Normal

	Correlation Matrix and Antenna Configuration
	
	2x2 Low

	Out of sync transmission parameters 
	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
	dB
	4

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

	
	DMRS precoder granularity
	
	REG bundle size

	
	REG bundle size
	
	6

	DRX Configuration
	
	DRX.4

	Gap pattern ID 
	
	N.A.

	Layer 3 filtering
	
	Enabled

	T310 timer
	ms
	0

	T311 timer
	ms
	1000

	N310
	
	1

	N311
	
	1

	CSI-RS configuration
	Config 1
	
	CSI-RS.1.3 FDD

	
	Config 2
	
	CSI-RS.1.3 TDD

	
	Config 3
	
	CSI-RS.2.3 TDD

	CSI-RS for tracking
	Config 1, 4
	
	TRS.1.1 FDD

	
	Config 2, 5
	
	TRS.1.1 TDD

	
	Config 3, 6
	
	TRS.1.2 TDD

	T1
	s
	4

	T2
	s
	73

	T3
	s
	73

	D1
	s
	62.44

	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.


Table A.6.5.1.3.1-3: Cell specific test parameters for FR1 (Cell 1) for out-of-sync radio link monitoring tests in DRX mode

	Parameter
	Unit
	Test 1

	
	
	T1
	T2
	T3

	EPRE ratio of PDCCH DMRS to SSS
	dB
	4

	EPRE ratio of PDCCH to PDCCH DMRS
	dB
	0

	EPRE ratio of PBCH DMRS to SSS
	dB
	0

	EPRE ratio of PBCH to PBCH DMRS
	dB
	

	EPRE ratio of PSS to SSS
	dB
	

	EPRE ratio of PDSCH DMRS to SSS 
	dB
	

	EPRE ratio of PDSCH to PDSCH DMRS
	dB
	

	EPRE ratio of OCNG DMRS to SSS
	dB
	

	EPRE ratio of OCNG to OCNG DMRS
	dB
	

	SNR
	Config 1
	dB
	1
	-7
	-15

	
	Config 2
	
	1
	-7
	-15

	
	Config 3
	
	1
	-7
	-15
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	Config 1
	dBm/15KHz
	-98

	
	Config 2
	
	-98

	
	Config 3
	
	-98

	Propagation condition
	
	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 3.1-1.

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.


3. Calculation of Test Tolerances

The test consists of one NR cell configured; and consists of three successive time periods, with time duration of T1, T2 and T3 respectively. Figure 3.1-1 shows the three different time durations and the corresponding variation of the downlink SNR in the active cell to emulate out-of-sync states.
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Figure 3.1-1: SNR variation for out-of-sync testing

As seen in the Table A.4.5.1.3.1-3 above the Test Tolerances that needs to be settled is for the different SNR absolute values per time period for each subtest.

As seen in the Table, there are 5 distinct SNR values across the test profile being tested for all the configs.

We suggest grouping the RLM tests together with Demodulation tests. The uncertainty values are chosen to be the same as the performance tests in clause F.1.1.2 of TS 38.521-4, as shown below:

Table 3.1-1: Maximum measurement uncertainty values for the test system for FR1 (up to 6 GHz) and Channel BW ≤ 40 MHz
	MU contributor
	Unit
	Value
	Comment

	AWGN and signal flatness
	dB
	±2.0
	Same as in LTE

	Signal to noise ratio uncertainty
	dB
	±0.3
	Same as in LTE

	Signal to noise ratio variation
	dB
	±0.5
	Same as in LTE

	Fading profile power uncertainty for 1Tx
	dB
	±0.5
	Same as in LTE

	Fading profile power uncertainty for 2Tx
	dB
	±0.7
	Same as in LTE


The following parameters are identified for RRM RLM (for information):

· 1 cell

· 10MHz Channel BW with 15KHz SCS or 40MHz Channel BW with 30KHz SCS

· OCNG so that cell is fully allocated

· 1 Tx antenna or 2 Tx antennas 

· 2 Rx antennas (assumed)

· TDD: UL/DL Pattern DSUU for 15KHz SCS & 3D1S4U for 30KHz SCS.

· Reference measurement channel according to:

· PDSCH clauses A.3.1.1 in 38.133

· Noc (AWGN) specified as dBm/15kHz (-104dBm as specified in Table A.3.7.2.1-1 in 38.133), constant across Ch BW

· Various Propagation conditions (TDL-C 300ns 100Hz)

· SNR changes according to time periods during test

· Reports CQI as:

· PUCCH [Format 1] (wideband CQI, no PMI reporting)

Summary:

No new requirements arise from Radio Link Monitoring: 

With the assumption that RLM tests falls in the same grouping as performance/demodulation the following calculations are used:

The Total Test System Uncertainty is described and calculated for demodulation test cases in TS38.521-4. The following example shows the process:

Overall system uncertainty for fading conditions comprises three quantities:

1. Signal-to-noise ratio uncertainty

2. Fading profile power uncertainty
3. Effect of AWGN flatness and signal flatness
Items 1, 2 and 3 are assumed to be uncorrelated so can be root sum squared:
AWGN flatness and signal flatness has x 0.25 effect on the required SNR, so use sensitivity factor of x 0.25 for the uncertainty contribution. 

Maximum Test System Uncertainty = SQRT (Signal-to-noise ratio uncertainty 2 + Fading profile power uncertainty 2 + (0.25 x AWGN flatness and signal flatness) 2)

Signal-to-noise ratio uncertainty ±0.3 dB

Fading profile power uncertainty ±0.5 dB

AWGN flatness and signal flatness ±2.0 dB

Putting numbers into the formula for single antenna transmission, we get:

Maximum Test System Uncertainty = SQRT (0.3 2 + 0.5 2 + (0.25 x 2.0) 2) = 0.768dB, round to 0.8dB.

For two antenna transmission power uncertainty is ±0.7dB, so we get:

Maximum Test System uncertainty = SQRT (0.3 2 + 0.7 2 + (0.25 x 2.0) 2) = 0.911dB, round to 0.9dB.

· The Radio Link Monitoring tests SNR uncertainty for 1 Tx with fading should be 0.8dB.
· The Radio Link Monitoring tests SNR uncertainty for 2 Tx with fading should be 0.9dB.

For static AWGN condition the corresponding calculation would be:

Maximum Test System Uncertainty = SQRT (Signal-to-noise ratio uncertainty 2 + (0.25 x AWGN flatness and signal flatness) 2)

Signal-to-noise ratio uncertainty ±0.3 dB
AWGN flatness and signal flatness ±2.0 dB

Putting numbers into the formula, we get:

· MaximumTest System uncertainty with static conditions = SQRT (0.3 2 + (0.25 x 2.0) 2) = 0.583dB, round to 0.6dB.

3.1 Test tolerance offset

The following test tolerance offsets are suggested:

With reference to to picture 3-1.

SNR1+TT

SNR2+TT

SNR3-TT

The critical SNR value for the out-of-sync test is when Qout is passed, the core requirement are based on that the UE detects out-of-sync when SNR goes under Qout. The UE shall then turn off it’s transmitter within 62.44 sec. Hence the TT is added to SNR2 and substracted from SNR3. TT chosen is the one calculated considering fading profile as propagation condition mentions here is TDL-C.
This will give the following SNR values including the TT’s (original SNR requirements from Table A.6.5.1.3.1-3 in TS 38.133 v15.6.0):

Test 1:

SNR1 =  1 + 0.9 = 1.9 dB
SNR2 = -7 + 0.9 = - 6.1 dB
SNR3 = -15 - 0.9 = - 15.9 dB
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