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///Start of changes

4.6.3
Void
4.6.4
L1-RSRP measurement for beam reporting

4.6.4.0
Minimum conformance requirements

4.6.4.0.1
Minimum conformance requirements for SSB-based L1-RSRP measurement for beam reporting

The UE shall be capable of performing L1-RSRP measurements based on the configured SSB resource for L1-RSRP computation, and the UE physical layer shall be capable of reporting L1-RSRP measured over the measurement period of TL1-RSRP_Measurement_Period_SSB.
The value of TL1-RSRP_Measurement_Period_SSB is defined in Table 9.5.4.1-1 for FR1,

where

-
M=1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and M=3 otherwise 

-
N= 8.

For FR1,

-
P=1/(1 – TSSB/MGRP), when in the monitored cell there are measurement gaps configured for intra-frequency, inter-frequency or inter-RAT measurements, which are overlapping with some but not all occasions of the SSB; and

-
P=1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB.

Where:


TSSB = ssb-periodicityServingCell


TSMTCperiod = the configured SMTC1 period or SMTC2 period if configured

If the high layer in TS 38.331 [13] signalling of smtc2 is configured, TSMTCperiod corresponds to the value of higher layer parameter smtc2; Otherwise TSMTCperiod corresponds to the value of higher layer parameter smtc1.

Longer evaluation period would be expected if the combination of SSB, SMTC occasion and measurement gap configurations does not meet pervious conditions.

Editor’s Note: FFS what evaluation period would be expected if SSB are in the same OFDM symbols with RLM/BFD/CBD-RS, or other SSB.

Table 9.5.4.1-1: Measurement period TL1-RSRP_Measurement_Period_SSB for FR1

	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note:
TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.


The UE shall send L1-RSRP reports only for report configurations configured for the active BWP.

The UE shall report the L1-RSRP value as a 7-bit value in the range [-140, -44] dBm with 1dB step size according to clause 10.1.19 for FR1 and 10.1.20 for FR2 if nrofReportedRS is configured to one. If nrofReportedRS is configured to be larger than one, or if groupBasedBeamReporting is enabled, the UE shall use differential L1-RSRP based reporting as defined in clause 10.1.19 for FR1 and 10.1.20 for FR2. The differential L1-RSRP is quantized to a 4-bit value with 2dB step size. The mapping between the reported L1-RSRP value and the measured quantity is described in 10.1.6.

Reported L1-RSRP measurements contained in periodic L1-RSRP measurement reports shall meet the requirements in clauses 10.1.19 for FR1 and 10.1.20 for FR2, respectively.

The UE shall only send periodic L1-RSRP measurement reports for an active BWP.

The UE shall transmit the periodic L1-RSRP reporting on PUCCH over the air interface according to the periodicity defined in clause 5.2.1.4 in TS 36.300 [24].

The UE is required to be capable of measuring SSB and CSI-RS for L1-RSRP without measurement gaps. The UE is required to perform the SSB and CSI-RS measurements with measurement restrictions as described in the following clauses.

For FR1, when the SSB for L1-RSRP measurement is in the same OFDM symbol as CSI-RS for RLM/BFD/CBD/L1-RSRP measurement, 

-
If SSB and CSI-RS have same SCS, UE shall be able to measure the SSB for L1-RSRP measurement without any restriction;

-
If SSB and CSI-RS have different SCS,

-
If UE supports simultaneousRxDataSSB-DiffNumerology, UE shall be able to measure the SSB for L1-RSRP measurement without any restriction;

-
If UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not both SSB for L1-RSRP measurement and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.

The normative reference for this requirement is TS 38.133 [6] clause 9.5.3.1, 9.5.4.1 and 9.5.5.1.

4.6.4.0.2
Minimum conformance requirements for CSI-RS-based L1-RSRP measurement for beam reporting

The UE shall be capable of performing L1-RSRP measurements based on the configured CSI-RS resource for L1-RSRP computation, and the UE physical layer shall be capable of reporting L1-RSRP measured over the measurement period of TL1-RSRP_Measurement_Period_CSI-RS.
The value of TL1-RSRP_Measurement_Period_CSI-RS is defined in Table 9.5.4.2-1 for FR1, where

-
For periodic and semi-persistent CSI-RS resources, M=1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and M=3 otherwise

-
For aperiodic CSI-RS resources M=1 

-
For periodic CSI-RS resources in a resource set configured with higher layer parameter repetition set to OFF, N=1. The requirements apply if qcl-InfoPeriodicCSI-RS is configured for all the resources in the resource set and for each resource one  RS has QCL-TypeD with

-
SSB for L1-RSRP measurement, or 

-
another CSI-RS in resource set configured with repetition ON.

-
For periodic CSI-RS resources in a resource set configured with higher layer parameter repetition set to ON, N=ceil(maxNumberRxBeam / Nres_per_set), where Nres_per_set is number of resources in the resource set. The requirements apply provided qcl-InfoPeriodicCSI-RS is configured for all resources in the resource set.

-
For semi-persistent CSI-RS resources in a resource set configured with higher layer parameter repetition set to OFF, N=1. The requirements apply provided TCI state is provided for all resources in the resource set in the MAC CE activating the resource set and for each resource one  RS has QCL-TypeD with 

-
SSB for L1-RSRP measurement, or 

-
another CSI-RS in resource set configured with repetition ON.

-
For semi-persistent CSI-RS resources in a resource set configured with higher layer parameter repetition set to ON, N=ceil(maxNumberRxBeam / Nres_per_set), where Nres_per_set is number of resources in the resource set. The requirements apply provided TCI state is provided for all resources in the resource set in the MAC CE activating the resource set.

-
For aperiodic CSI-RS resources in a resource set configured with higher layer parameter repetition set to OFF, N=1. The requirements apply provided qcl-info is configured for all resources in the resource set and for each resource one  RS has QCL-TypeD with

-
SSB for L1-RSRP measurement, or 

-
another CSI-RS in resource set configured with repetition ON.

-
For aperiodic CSI-RS resources in a resource set configured with higher layer parameter repetition set to ON, N=1. UE is not required to meet the accuracy requirements in clause 10.1.19.2 and 10.1.20.2 if number of resources in the resource set is smaller than maxNumberRxBeam. The requirements apply provided qcl-info is configured for all resources in the resource set.

For FR1,

-
P=1/(1 – TCSI-RS/MGRP), when in the monitored cell there are measurement gaps configured for intra-frequency, inter-frequency or inter-RAT measurements, which are overlapping with some but not all occasions of the CSI-RS; and

-
P=1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the CSI-RS.

Where:


TSMTCperiod = the configured SMTC1 period or SMTC2 period if configured.


TCSI-RS = the periodicity of CSI-RS configured for L1-RSRP measurement

If the high layer in TS 38.331 [2] signaling of smtc2 is configured, TSMTCperiod corresponds to the value of higher layer parameter smtc2; Otherwise TSMTCperiod corresponds to the value of higher layer parameter smtc1.

Note: The overlap between CSI-RS for L1-RSRP measurement and SMTC means that CSI-RS for L1-RSRP measurement is within the SMTC window duration.
Longer evaluation period would be expected if the combination of CSI-RS, SMTC occasion and measurement gap configurations does not meet pervious conditions.

Editor’s Note: FFS what evaluation period would be expected if CSI-RS are in the same OFDM symbols with RLM/BFD/CBD-RS, or other CSI-RS.
Table 9.5.4.2-1: Measurement period TL1-RSRP_Measurement_Period_CSI-RS for FR1

	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P)*TDRX

	Note 1:
TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.

Note 2:
the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.


The UE shall send L1-RSRP reports only for report configurations configured for the active BWP.

The UE shall report the L1-RSRP value as a 7-bit value in the range [-140, -44] dBm with 1dB step size according to clause 10.1.19 for FR1 and 10.1.20 for FR2 if nrofReportedRS is configured to one. If nrofReportedRS is configured to be larger than one, or if groupBasedBeamReporting is enabled, the UE shall use differential L1-RSRP based reporting as defined in clause 10.1.19 for FR1 and 10.1.20 for FR2. The differential L1-RSRP is quantized to a 4-bit value with 2dB step size. The mapping between the reported L1-RSRP value and the measured quantity is described in 10.1.6.

Reported L1-RSRP measurements contained in aperiodic triggered, aperiodic triggered periodic and aperiodic triggered semi-persistent L1-RSRP reports shall meet the requirements in clauses 10.1.19 for FR1 and 10.1.20 for FR2, respectively.

The UE shall only send aperiodic L1-RSRP measurement reports, if a DCI trigger has been received.

After the UE receives CSI request in DCI, the UE shall transmit the aperiodic L1-RSRP reporting on PUSCH over the air interface at the time specified according to clause 6.2.1.2 in TS 36.300 [24].

For both FR1 and FR2, when the CSI-RS for L1-RSRP measurement is in the same OFDM symbol as SSB for RLM/BFD/CBD/L1-RSRP measurement, UE is not required to receive CSI-RS for L1-RSRP measurement in the PRBs that overlap with an SSB.

For FR1, when the SSB for RLM/BFD/CBD/L1-RSRP measurement is within the active BWP and has same SCS than CSI-RS for L1-RSRP measurement, the UE shall be able to perform CSI-RS measurement without restrictions.

For FR1, when the SSB for RLM/BFD/CBD/L1-RSRP measurement is within the active BWP and has different SCS than CSI-RS for L1-RSRP measurement, the UE shall be able to perform CSI-RS measurement with restrictions according to its capabilities:

-
If the UE supports simultaneousRxDataSSB-DiffNumerology the UE shall be able to perform CSI-RS measurement without restrictions.

-
If the UE does not support simultaneousRxDataSSB-DiffNumerology, UE is required to measure one of but not both CSI-RS for L1-RSRP measurement and SSB. Longer measurement period for CSI-RS based L1-RSRP measurement is expected, and no requirements are defined.

For FR1, when the CSI-RS for L1-RSRP measurement is in the same OFDM symbol as another CSI-RS for RLM/BFD/CBD/L1-RSRP measurement, UE shall be able to measure the CSI-RS for L1-RSRP measurement without any restriction.

The normative reference for this requirement is TS 38.133 [6] clauses 9.5.3.1, 9.5.4.2 and 9.5.5.2.

4.6.4.1
EN-DC FR1 SSB-based L1-RSRP measurement in non-DRX



4.6.4.1.1
Test purpose

To verify that the UE makes correct reporting of L1-RSRP measurement in non-DRX within L1-RSRP measurement requirements in TS 38.133 [6] clause 9.5.4.1.

4.6.4.1.2
Test applicability

This test applies to all types of E-UTRA UE release 15 and forward, supporting EN-DC.
4.6.4.1.3
Minimum conformance requirements

The minimum conformance requirements are specified in clause 4.6.4.0.1.

The normative reference for this requirement is TS 38.133 [6] clause A.4.6.4.1.

4.6.4.1.4
Test description

4.6.4.1.4.1
Initial conditions

This test shall be tested using any of the test configurations in Table 4.6.4.1.4.1-1. Configure the test equipment and the DUT according to the parameters in Table 4.6.4.1.4.1-2. Test environment parameters are given in Table 4.6.4.1.4.1-3.

Table 4.6.4.1.4.1-1: EN-DC SSB based L1-RSRP measurement supported test configurations

	Test Case ID
	Description

	4.6.4.1-1
	LTE FDD, NR 15 kHz SSB SCS, 10MHz bandwidth, FDD duplex mode

	4.6.4.1-2
	LTE FDD, NR 15 kHz SSB SCS, 10MHz bandwidth, TDD duplex mode

	4.6.4.1-3
	LTE FDD, NR 30kHz SSB SCS, 40MHz bandwidth, TDD duplex mode

	4.6.4.1-4
	LTE TDD, NR 15 kHz SSB SCS, 10MHz bandwidth, FDD duplex mode

	4.6.4.1-5
	LTE TDD, NR 15 kHz SSB SCS, 10MHz bandwidth, TDD duplex mode

	4.6.4.1-6
	LTE TDD, NR 30kHz SSB SCS, 40MHz bandwidth, TDD duplex mode

	Note: The UE is only required to be tested in one of the supported test configurations


Table 4.6.4.1.4.1-2: General test parameters for EN-DC SSB based L1-RSRP measurement
	Parameter
	Config
	Unit
	Value

	SSB GSCN
	1~6
	
	freq1

	Duplex mode
	1,4
	
	FDD

	
	2,5
	
	TDD

	
	3,6
	
	TDD

	TDD Configuration
	1,4
	
	N/A

	
	2,5
	
	TDDConf.1.1

	
	3,6
	
	TDDConf.2.1

	BWchannel
	1,4
	MHz
	10: NRB,c = 52

	
	2,5
	
	10: NRB,c = 52

	
	3,6
	
	40: NRB,c = 106

	PDSCH Reference measurement channel
	1,4
	
	SR.1.1 FDD

	
	2,5
	
	SR.1.1 TDD

	
	3,6
	
	SR.2.1 TDD

	RMSI CORESET Reference Channel
	1,4
	
	CR.1.1 FDD 

	
	2,5
	
	CR.1.1 TDD

	
	3,6
	
	CR.2.1 TDD

	Dedicated CORESET Reference Channel
	1,4
	
	CCR.1.1 FDD 

	
	2,5
	
	CCR.1.1 TDD

	
	3,6
	
	CCR.2.1 TDD

	SSB configuration
	1,4
	
	SSB.3 FR1  

	
	2,5
	
	SSB.3 FR1

	
	3,6
	
	SSB.4 FR1

	OCNG Patterns
	1~6
	
	OP.1

	Initial BWP Configuration
	1~6
	
	DLBWP.0.1

ULBWP.0.1

	Dedicated BWP configuration
	1~6
	
	DLBWP.1.1

ULBWP.1.1

	SMTC configuration
	1~6
	
	SMTC.1

	TRS Configuration
	1,4
	
	TRS.1.1 FDD

	
	2,5
	
	TRS.1.1 TDD

	
	3,6
	
	TRS.1.2 TDD

	DRX configuration
	1~6
	
	Off

	reportConfigType
	1~6
	
	periodic

	reportQuantity
	1~6
	
	ssb-Index-RSRP

	Number of reported RS
	1~6
	
	2

	L1-RSRP reporting period
	1~6
	slot
	80

	T1
	1~6
	s
	5

	T2
	1~6
	s
	1

	EPRE ratio of PSS to SSS
	1~6
	dB
	0

	EPRE ratio of PBCH DMRS to SSS
	
	
	

	EPRE ratio of PBCH to PBCH DMRS
	
	
	

	EPRE ratio of PDCCH DMRS to SSS
	
	
	

	EPRE ratio of PDCCH to PDCCH DMRS
	
	
	

	EPRE ratio of PDSCH DMRS to SSS
	
	
	

	EPRE ratio of PDSCH to PDSCH DMRS
	
	
	

	EPRE ratio of OCNG DMRS to SSSNote 1
	
	
	

	EPRE ratio of OCNG to OCNG DMRS Note 1
	
	
	

	Propagation condition
	1~6
	
	AWGN


Table 4.6.4.1.4.1-3: Test Environment parameters for EN-DC SSB based L1-RSRP measurement

	Parameter
	Value
	Comment

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

	Test frequencies
	As specified in Annex E, Table E.2-1 and TS 38.508-1 [14] clause 4.3.1 and 4.4.2.

	Channel bandwidth
	As specified by the test configuration selected from Table 4.6.4.1.4.1-1.

	Propagation conditions
	AWGN
	As specified in Annex C.2.2.

	Connection Diagram
	TE Part
	A.3.1.7.1
	As specified in TS 38.508-1 [14] Annex A.

	
	DUT Part
	A.3.2.3.4
	

	Exceptions to connection diagram
	For 4Rx capable UEs without any 2 Rx RF bands use A.3.2.5.2 for DUT part and A.3.1.8.4 for TE Part
	


1. Message contents are defined in clause 4.6.4.1.4.3.

2. Cell 1 is the E-UTRA serving cell (PCell) for the EN-DC setup. The power levels and settings for Cell 1 are set according to Annex A.6. Cell 2 is NR FR1 cell (PSCell). Cell 2 is the target for SSB based L1-RSRP measurements. UE is configured to perform RLM, BFD and L1-RSRP measurement based on the SSBs.

4.6.4.1.4.2
Test procedure

Prior to the start of the time duration T1, the UE shall be fully synchronized to PSCell. The UE shall be configured for periodic CSI reporting in PUCCH [format 2] with a reporting periodicity as mentioned in the above table 4.6.4.1.4.1-2. Before the test, UE is configured to perform RLM, BFD and L1-RSRP measurement based on the SSBs.
1.
Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity EN-DC, DC bearer MCG and SCG, Connected without release On and Test Mode On, according to TS 38.508-1 [14] clause 4.5 and general test parameters set according to Table 4.6.4.1.4.1-2.

2.
Set the parameters according to T1 in Table 4.6.4.1.5-1. T1 starts.

5.
The UE shall be transmitting CSI on PUCCH with a periodicity of 80 slots.

6.
When T1 expires, the SS shall set the parameters according to T2 in 4.6.4.1.5-1. T2 starts.

7.
The UE shall start sending L1-RSRP report including results of both SSB0 and SSB1 every 80 slots, no later than 640ms plus 80 slots. If the UE is sending L1-RSRP reports every 80 slots no later than 720 ms for configuration 1, 2, 4 and 5 and no later than 680 ms for configuration 3 and 6 from the beginning of time period T2 until the end of time period T2, the number of passed iterations is increased by one, otherwise the number of failed iterations is increased by one.

8.
The SS waits until T2 expires.

9.
The SS shall transmit RRCConnectionReconfiguration message with condition EN-DC_PSCell_Rel according to TS 36.508 [25] Table 4.6.1-8 to release NR cell (PSCell). The UE shall transmit RRCConnectionReconfigurationComplete message.

10.
The SS then shall transmit RRCConnectionReconfiguration message with condition MCG_and_SCG according to TS 36.508 [25] Table 4.6.1-8 to add NR cell (PSCell). The UE shall transmit RRCConnectionReconfigurationComplete message.
11.
If any the reconfiguration fails, switch off and on the UE and ensure the UE is in RRC_CONNECTED with generic procedure parameters Connectivity EN-DC, DC bearer MCG and SCG, Connected without release On and Test Mode On according to TS 38.508-1 [14] clause 4.5.

12.
Repeat steps 2-11 until the confidence level according to Tables G.2.3-1 in Annex G clause G.2 is achieved.
4.6.4.1.4.3
Message contents

Message contents are according to TS 38.508-1 [14] clause 7.3 with the following exceptions: 

Table 4.6.4.1.4.3-1: Common Exception messages EN-DC SSB based L1-RSRP measurement

	Default Message Contents

	Common contents of system information blocks exceptions
	

	Default RRC messages and information elements contents exceptions
	Table H.3.6-1

Table H.3.6-2 with conditions PERIODIC and SS-RSRP

Table H.3.6-3 with conditions SSB and PERIODIC

Table H.3.6-4

Table H.3.4-1


Table 4.6.4.1.4.3-2: RadioLinkMonitoringConfig

	Derivation Path: TS 38.508-1 [14], Table 4.6.3-133

	Information Element
	Value/remark
	Comment
	Condition

	RadioLinkMonitoringConfig ::= SEQUENCE {
	
	
	

	  failureDetectionResourcesToAddModList
SEQUENCE (SIZE(1..maxNrofFailureDetectionResources)) OF SEQUENCE {
	1 entry
	
	

	    purpose
	both
	UE is configured to perform RLM and BFD based on the SSBs.
	

	    detectionResource CHOICE {
	
	
	

	      ssb-Index
	0
	
	

	    }
	
	
	

	  }
	
	
	

	}
	
	
	


4.6.4.1.5
Test requirement

Table 4.6.4.1.5-1 defines the primary level settings including test tolerances for all tests.

Table 4.6.4.1.5-1: SSB specific test parameters for EN-DC SSB based L1-RSRP measurement
	Parameter
	Config
	Unit
	SSB#0
	SSB#1

	
	
	
	T1
	T2
	T1
	T2
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	1~6
	dBm/15kHz
	-94.65

	[image: image2.wmf]oc

N

Note2
	1,2,4,5
	dBm/SSB SCS
	-94.65

	
	3,6
	
	-91.65
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	1~6
	dB
	0
	0
	-Infinity
	4.2

	SSB RSRP Note3
	1,2,4,5
	dBm/SSB SCS
	-94.65
	-94.65
	-Infinity
	-91.65

	
	3,6
	
	-91.65
	-91.65
	-Infinity
	-88.65

	Io Note3
	1,2,4,5
	dBm/9.36 MHz
	-63.69
	-63.69
	-66.70
	-61.93

	
	3,6
	dBm/38.16 MHz
	-57.59
	-57.59
	-60.61
	-55.84
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	1~6
	dB
	0
	0
	-Infinity
	4.2.5


The UE shall send L1-RSRP report every 80 slots. After 640 ms plus 80 slots from the beginning of time period T2, UE shall send L1-RSRP report including the results for both SSB#0 and SSB#1. Each L1-RSRP measurement report shall meet the corresponding absolute accuracy requirements in Table 4.6.4.1.5-2 for for test configurations 1, 2, 4 and 5, the corresponding absolute accuracy requirements in Table 4.6.4.1.5-3 for test configurations 3 and 6 and the corresponding relative accuracy requirements in Table 4.6.4.1.5-4 for all test configurations.
Table 4.6.4.1.5-2: L1-RSRP absolute accuracy requirements for the reported values for test configurations 1, 2, 4 and 5
	Normal Conditions
	T1
	T2

	Lowest reported value (SSB#0)
	52
	-

	Highest reported value (SSB#0)
	72
	-

	Lowest reported value (SSB#1)
	-
	56

	Highest reported value (SSB#1)
	-
	76


Table 4.6.4.1.5-3: L1-RSRP absolute accuracy requirements for the reported values for test configurations 3 and 6

	Normal Conditions
	T1
	T2

	Lowest reported value (SSB#0)
	55
	-

	Highest reported value (SSB#0)
	75
	-

	Lowest reported value (SSB#1)
	-
	59

	Highest reported value (SSB#1)
	-
	79


Table 4.6.4.1.5-4: L1-RSRP relative accuracy requirements for the reported values for all test configurations
	
	T1
	T2

	Lowest reported value (SSB#0)
	-
	RSRP_x - 9

	Highest reported value (SSB#0)
	-
	RSRP_x - 1



The rate of correct events observed during repeated tests shall be at least 90% with a confidence level of 95%.

NOTE:
The actual overall delays measured in the test may be up to 2xTTIDCCH higher than the measurement reporting delays above because of TTI insertion uncertainty of the measurement report in DCCH.
///End of changes
