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1.
Introduction

FR2 RLM Out-of-sync and In-sync Test cases A.7.5.1.1 and A.7.5.1.2 in TS 38.133 [1] specify Setup 3, which is for 2 Angles of Arrival, each from within the set of Spherical Coverage directions. There is only one cell, but it has SSB index 0 and SSB index 1 which come from the two directions.

The OTA related cell specific parameters Table specifies how the SNR SSB index 0 and SSB index 1 vary during T1, T2, T3 (also T4 and T5 for in-sync). SSB index 0 and SSB index 1 have different values during the time periods.

However only one “common” value of Noc is specified, and it is not clear how the Test system should implement Noc from two different AoA on the same frequency. This Tdoc aims to clarify the issues, and proposes changes to the test cases so they can be implemented as RAN4 intended.
Some topics are also identified which require views from companies in RAN4.   
2.
Existing Test cases A.7.5.1.1 and A.7.5.1.2
2.1 RLM test cases intention
The test cases A.7.5.1.1 and A.7.5.1.2 intend the UE to experience SNR values during specific time periods, and the SNR values during T2 are different for SSB index 0 and SSB index 1. The figure below is extracted from TS 38.133 [1] and illustrates the simplest case, for out-of-sync:
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Figure A.7.5.1.1.1-1: SNR variation for out-of-sync testing

The important point is the relation of SSB index 0 SNR, and of SSB index 1 SNR, to Qin and Qout. These SNR values must be “as seen by the UE” for the test to fulfil the test purpose.

The 38.133 Annex A test case does not contain a diagram of the intended physical setup, but one was kindly provided by Ericsson in Figure 2 of R4-1906416 [2]:
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Figure 2  2AoA setup of SSB for RLM and link recovery tests
These figures together provide an understanding of the test case intention, but they do not show how the downlink signal and noise should be applied so that the desired SNRs are seen by the UE.
2.2 Ambiguity in existing test cases definition
The test cases currently specify one “common” value of Noc (yellow highlight) and the AoA setup refers to A.3.15 Setup 3 (turquoise highlight):

Table A.7.5.1.1.1-3: OTA related cell specific test parameters for FR2 (Cell 1) for out-of-sync radio link monitoring tests in non-DRX mode

	Parameter
	Unit
	Test 1

	
	
	T1
	T2
	T3

	AoA setup
	
	Setup 3 defined in A.3.15

	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
	

	ssb-Index 0 SNR
	Config 1
	dB
	2
	-6
	-15

	ssb-Index 1 SNR
	Config 1
	
	2
	-15
	-15

	SNR on other channels and signals
	Config 1
	dB
	2
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	Config 1
	dBm/15KHz
	-92.1dBm

	Propagation condition
	
	TDL-A 30ns 75Hz

	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 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.


<< next extract >>
A.3.15.3
Setup 3: 2 AoAs

There are 2 active probes in the test. The DL signals, and noise if applicable, transmitted from the two active probes, align to directions (AoAs) which are from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [19] for each UE power class. The relative angular offset between the directions (AoAs) of the 2 active probes, shall be changed for each test iteration. The applicable set of relative angular offsets between the 2 active probes is given in Table 3.15.3-1 for each UE power class.
The text in A.3.15.3 implies that noise is transmitted from both probes/AoAs, but it is not clear in the existing test cases themselves whether the AWGN should be transmitted from one probe/AoA, or both probes/AoA, and whether these transmissions should be simultaneous or not.
If AWGN was transmitted simultaneously from both directions, the SNR as seen by the UE would depend on the UE antenna gain in the relevant directions, and the SNR values specified in the test case could not keep the intended relation to Qin and Qout, resulting in an unreliable test case.
3.
Achieving intended SNR values
3.1 Principle
The intended SNR values can be achieved by adapting the method contained in Ericsson R4-1907389 [3], the Way forward on FR2 RRM RMC for 2AoA test setup approved at RAN4#91. In this Tdoc, slide 3 has a diagram showing TDM’ed (Time Division Multiplexed) OCNG/RMC/SSB/CSI-RS patterns:
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If the AWGN is time multiplexed in the same way, it can be transmitted from the serving beam probe AoA (SSB index 0) normally, except during SSB index 1 symbols, when it is transmitted from the non-serving beam probe AoA. The UE will then see the intended SNR values for SSB index 0 and SSB index 1 during T1, T2 and T3.
For completeness, we note that test cases A.7.5.1.1 and A.7.5.1.2 already specify SSB Configuration SSB.1 FR2, where SSB index 0 and SSB index 1 occur in different symbols:   
Table A.3.10.2.1-1: SSB.1 FR2: SSB Pattern 1 for SSB SCS = 120 kHz in 100 MHz channel with 2 SSBs per SS-burst

	SSB Parameters
	Values

	Channel bandwidth
	100 MHz

	SSB SCS
	120 kHz

	SSB periodicity (TSSB)
	20 ms

	Number of SSBs per SS-burst
	2

	SS/PBCH block index
	0
	1

	Symbol numbers containing SSBs Note 2
	4-7
	8-11

	Slot numbers containing SSB Note 2
	0
	0

	SFN containing SSB
	SFN mod (max(TSSB,10ms)/10ms) = 0

	RB numbers containing SSBs within channel BW
	(RBJ, RBJ+1,.…, RBJ+19)Note 1

	Note 1:
RBs containing SSB can be configured in any frequency location within the cell bandwidth according to the allowed synchronization raster defined in TS 38.104 [13]. 

Note 2:
These values have been derived from other parameters for information purposes (as per TS 38.213 [3]). They are not settable parameters themselves.


3.2 How to specify in 2AoA RLM test cases
An example of how to update the information for test case A.7.5.1.1 in TS 38.133 Annex A is given below.
· A new Figure is added to show Time multiplexed downlink transmissions from each Angle of Arrival

· The new Figure is referred to in the Test Purpose and Environment, and also in the OTA related cell specific test parameters table which contains information related to power, time and AoA
A.7.5.1.1
Radio Link Monitoring Out-of-sync Test for FR2 PCell configured with SSB-based RLM RS in non-DRX mode

A.7.5.1.1.1
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. This test will partly verify the FR2 radio link monitoring requirements in clause 8.1.

In the test, UE is configured to perform RLM on SSB, with detectionResource included in RadioLinkMonitoringRS set to SSB#0 and SSB#1, and purpose set to ‘rlf’. Supported test configurations are shown in table A.7.5.1.1.1-1. The test parameters are given in Tables A.7.5.1.1.1-2, A.7.5.1.1.1-3, and A.7.5.1.1.1-4 below. 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.7.5.1.1.1-1 shows the variation of the downlink SNR in the active cell to emulate out-of-sync and in-sync states, and Figure A.7.5.1.1.1-2 shows the Time multiplexed downlink transmissions from each Angle of Arrival. 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 1.
<< sections skipped, no changes to Table A.7.5.1.1.1-1, Table A.7.5.1.1.1-2 >> 

Table A.7.5.1.1.1-3: OTA related cell specific test parameters for FR2 (Cell 1) for out-of-sync radio link monitoring tests in non-DRX mode

	Parameter
	Unit
	Test 1

	
	
	T1
	T2
	T3

	AoA setup
	
	Setup 3 defined in A.3.15

	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
	

	ssb-Index 0 SNR
	Config 1
	dB
	2
	-6
	-15

	ssb-Index 1 SNR
	Config 1
	
	2
	-15
	-15

	SNR on other channels and signals
	Config 1
	dB
	2
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	Config 1
	dBm/15KHz
	-92.1dBm

	Time multiplexing of the downlink transmissions from each AoA
	
	Defined in Figure A.7.5.1.1.1-2

	Propagation condition
	
	TDL-A 30ns 75Hz

	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 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 A.7.5.1.1.1-4: Measurement gap configuration for out-of-sync tests in non-DRX mode

	Field
	Test 1

	
	Value

	gapOffset
	0
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Figure A.7.5.1.1.1-1: SNR variation for out-of-sync testing
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Figure A.7.5.1.1.1-2: Time multiplexed downlink transmissions
A similar method can be used for the In-sync test case A.7.5.1.2 which has T1, T2, T3, T4 and T5.
· Proposal 1: RLM Test cases that require Time multiplexed downlink transmissions from each AoA to provide the intended SNR values include a diagram showing the time multiplexing

4.
Other issues
4.1 UE configured with measurement gaps / inter-freq meaurements
The current Test Purpose and Environment text in TS 38.133 [1] clauses A.7.5.1.1.1 and A.7.5.1.5.1 can be confusing, as it refers to inter-frequency measurements in a test case that has only one cell. The following clarification in red text below is proposed:

A.7.5.1.1.1
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. This test will partly verify the FR2 radio link monitoring requirements in clause 8.1.

In the test, UE is configured to perform RLM on SSB, with detectionResource included in RadioLinkMonitoringRS set to SSB#0 and SSB#1, and purpose set to ‘rlf’. Supported test configurations are shown in table A.7.5.1.1.1-1. The test parameters are given in Tables A.7.5.1.1.1-2, A.7.5.1.1.1-3, and A.7.5.1.1.1-4 below. 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.7.5.1.1.1-1 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 addition to RLM-RS radio link monitoring using SSB index 0 and SSB index 1, the UE is configured to perform inter-frequency measurements using Gap Pattern ID #0 (40ms) in test 1.
· Proposal 2: For RLM Test cases that specify inter-frequency measurements with 1 cell, the Test Purpose and Environment description should be updated to explain the context   

4.2 Number of Tx for the non-serving beam probe
Currently, test case A.7.5.1.1 seems to have contradictory information about the number of Tx:

· The Correlation Matrix and Antenna Configuration states 2x2 Low
· CORESET Reference Channel CR.3.1 TDD in A.3.1.2.2-3 states Number of transmitter antennas = 1
· CSI-RS for CSI reporting CSI-RS.3.1 TDD in A.3.14.2-3 states nrofPorts = 2
· Observation 1: Test case A.7.5.1.1 seems to have contradictory information about the number of Tx. RAN4 views of the number of Tx, and whether both AoAs need 2 Tx, would be appreciated.

4.3 Independence of AoA1, AoA2 fading implementation
In test cases A.7.5.1.1 and A.7.5.1.2 transmissions take place from 2 Angles of Arrival, and the Propagation condition, which includes fading, is specified without any statement about whether the transmissions from each angle of arrival should be independently faded.

If independent fading is required, the test case implementation complexity increases as implementations using one downlink fader, with output switched between the two Angles of Arrival, would be precluded.
· Observation 2: Test cases A.7.5.1.1 and A.7.5.1.2 do not specify whether the transmissions from each angle of arrival should be independently faded. RAN4 views on whether each AoA transmission should be independently faded, would be appreciated.
5.
Way Forward
For RAN5 to implement RLM Test cases A.7.5.1.1 and A.7.5.1.2 as intended, the method of achieving the intended SNR values, and the context of “inter-freq”, needs to be specified more clearly in the test cases.

RAN4 is therefore requested to endorse Proposal 1 and Proposal 2 below:
· Proposal 1: RLM Test cases that require Time multiplexed downlink transmissions from each AoA to provide the intended SNR values include a diagram showing the time multiplexing

· Proposal 2: For RLM Test cases that specify inter-frequency measurements with 1 cell, the Test Purpose and Environment description should be updated to explain the context   

A draft CR showing proposed changes for RLM Test cases A.7.5.1.1 and A.7.5.1.2, following Proposal 1 and Proposal 2, is provided in R4-2002255 [5].
Anritsu would also welcome views from RAN4 companies on Observation 1 and Observation 2 below, to help address other issues and allow RAN5 to complete the test cases:  
· Observation 1: Test case A.7.5.1.1 seems to have contradictory information about the number of Tx. RAN4 views of the number of Tx, and whether both AoAs need 2 Tx, would be appreciated.

· Observation 2: Test cases A.7.5.1.1 and A.7.5.1.2 do not specify whether the transmissions from each angle of arrival should be independently faded. RAN4 views on whether each AoA transmission should be independently faded, would be appreciated.
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