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38.101-2:

The beam correspondence requirement for PC3 UEs consists of three components: UE minimum peak EIRP (as defined in clause 6.2.1.1.3.3), UE spherical coverage (as defined in clause 6.2.1.1.3.3), and beam correspondence tolerance (as defined in clause 6.6.1.3.3.2). The beam correspondence requirement is fulfilled if the UE satisfies one of the following conditions, depending on the UE’s beam correspondence capability, as defined in TS 38.306 [26]:

-
If [bit-1], the UE shall meet the minimum peak EIRP requirement according to Table 6.2.1.3-1 and spherical coverage requirement according to Table 6.2.1.3-3 with its autonomously chosen UL beams and without uplink beam sweeping.  Such a UE is considered to have met the beam correspondence tolerance requirement.

-
If [bit-0], the UE shall meet the minimum peak EIRP requirement according to Table 6.2.1.3-1 and spherical coverage requirement according to Table 6.2.1.3-3 with uplink beam sweeping.  Such a UE shall meet the beam correspondence tolerance requirement defined in Clause 6.6.4.2 and shall support uplink beam management, as defined in TS 38.306 [26].

38.306:
4.2.7.2
BandNR parameters
Definitions for parameters

Per

M

FDD-TDD

DIFF

FR1-FR2

DIFF

beamCorrespondenceWithoutUL-BeamSweeping

Indicates how UE supports FR2 beam correspondence as specified in TS 38.101-2 [3], clause 6.6. The UE that fulfils the beam correspondence requirement without the uplink beam sweeping (as specified inTS 38.101-2 [3], clause 6.6) shall set the bit to 1. The UE that fulfils the beam correspondence requirement with the uplink beam sweeping (as specified inTS 38.101-2 [3], clause 6.6) shall set the bit to 0.

Band

Yes

No

FR2 only
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6.2.1.2
UE maximum output power - Spherical coverage

Editor’s note: This clause is incomplete. The following aspects are either missing or not yet determined:

Measurement Uncertainties and Test Tolerances are FFS.
6.2.1.2.1
Test purpose

To verify that the spatial coverage of the UE in expected directions is acceptable. 
6.2.1.2.2
Test applicability

This test case applies to all types of NR UE release 15 and forward that support beam correspondence without UL beam sweeping
6.2.1.2.3
Minimum conformance requirements

Minimum conformance requirements are defined in clause 6.2.1.1.3.

6.2.1.2.4
Test description

6.2.1.2.4.1
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, and channel bandwidths based on NR operating bands specified in table 5.3.5-1. All of these configurations shall be tested with applicable test parameters for each channel bandwidth and subcarrier spacing, are shown in table 6.2.1.2.4.1-1. The details of the uplink reference measurement channels (RMCs) are specified in Annexes A.2. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.

Table 6.2.1.2.4.1-1: Test Configuration Table

	Default Conditions

	Test Environment as specified in TS 38.508-1 [10] subclause [4.1]
	Normal

	Test Frequencies as specified in TS 38.508-1 [10] subclause [4.3.1]
	Low range, Mid Range, High range

	Test Channel Bandwidths as specified in TS 38.508-1 [10] subclause [4.3.1]
	Lowest, Highest

	Test SCS as specified in Table 5.3.5-1
	120 kHz

	Test Parameters

	Test ID
	ChBw
	SCS
	Downlink Configuration
	Uplink Configuration

	
	
	Default
	N/A
	Modulation
	RB allocation (NOTE 1)

	1
	50
	
	
	DFT-s-OFDM QPSK
	Inner_Full

	2
	100
	
	
	
	

	3
	200
	
	
	
	

	4
	400
	
	
	
	

	NOTE 1:
The specific configuration of each RF allocation is defined in Table 6.1-1.


1.
Connection between SS and UE is shown in TS 38.508-1 [10] Annex A, Figure A.3.3.1.1 for TE diagram and Figure A.3.4.1.1 for UE diagram.

2.
The parameter settings for the cell are set up according to TS 38.508-1 [10] subclause 4.4.3.

3.
Downlink signals are initially set up according to Annex C.2 and TS 38.508-1 [10] subclause 5.2.1.1.1, and uplink signals according to Annex G.0, G.1 and G.3.0.

4.
The UL Reference Measurement channels are set according to Table 6.2.1.2.4.1-1.

5.
Propagation conditions are set according to Annex B.0.

6.
Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [10] clause 4.5. Message contents are defined in clause 6.2.1.2.4.3

6.2.1.2.4.2
Test procedure

1.
SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format [0_1] for C_RNTI to schedule the UL RMC according to Table 6.2.1.2.1.4.1-1. Since the UL has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC. Messages to configure the appropriate uplink modulation in section 6.2.1.2.4.3.

2.
Send continuously uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200 msec to ensure that the UE transmits at its maximum output power.

3.
Set the UE in the Tx beam peak direction found with a 3D EIRP scan as performed in Annex K.1.1. Allow at least BEAM_SELECT_WAIT_TIME (Note 1) for the UE Tx beam selection to complete.
4.
Measure UE EIRP in the Tx beam peak direction in the channel bandwidth of the radio access mode according to the test configuration. Repeat EIRP measurements for all directions in the sphere according to EIRP measurement procedure defined in Annex K.1.3. After a rotation, allow TBD ms for UE to find the best beam to use. The measuring duration is one active uplink subframe. EIRP is calculated considering both polarizations, theta and phi.

5.
Calculate a cumulative distribution function for the measured EIRP values.

NOTE 1:
The BEAM_SELECT_WAIT_TIME default value is defined in Annex K.1.1.

6.2.1.2.4.3
Message contents

Message contents are according to TS 38.508-1 [10] subclause 4.6.

6.2.1.2.5
Test requirement

The defined %-tile EIRP in measurement distribution derived in step 5 shall exceed the values specified in Table 6.2.1.2.5-1 to Table 6.2.1.2.5-4.

Table 6.2.1.2.5-1: UE spherical coverage for power class 1

	Operating band
	Min EIRP at 85%-tile CDF (dBm)

	n257
	32.0-TT

	n258
	32.0-TT

	n260
	30.0-TT

	n261
	32.0-TT


Table 6.2.1.2.5-2: UE spherical coverage for power class 2

	Operating band
	Min EIRP at 60%-tile CDF (dBm)

	n257
	18.0-TT

	n258
	18.0-TT

	n260
	

	n261
	18.0-TT


Table 6.2.1.2.5-3: UE spherical coverage for power class 3 for single band UE or multiband UE declaring MBs = 0 in all FR2 bands

	Operating band
	Min EIRP at 50t%-tile CDF (dBm)

	n257
	11.5-TT

	n258
	11.5-TT

	n260
	8-TT

	n261
	11.5-TT


Table 6.2.1.2.5-3a: UE spherical coverage for power class 3 for multi band UE declaring MBs>0 in any FR2 band

	ID
	Supported FR2 bands set
	Test requirement (dB)

(Note 1)
	Maximum sum of MBs, ∑MBs (dB)

(Note 3)
	Comments

	
	
	n257
	n258
	n260
	n261
	
	

	1
	n257, n258
	11.5-TT-MBs
	11.5-TT-MBs
	
	
	1.25
	

	2
	n257, n260
	11.5-TT-MBs
	
	8-TT-MBs
	
	0.75
	Maximum 0.4 dB relaxation allowed for n260

	3
	n258, n260
	
	11.5-TT-MBs
	8-TT-MBs
	
	0.75
	Maximum 0.4 dB relaxation allowed for n260

	4
	n258, n261
	
	11.5-TT-MBs
	
	11.5-TT-MBs
	1.25
	

	5
	n260, n261
	
	
	8-TT-MBs
	11.5-TT-MBs
	0.75
	No relaxation allowed for n260

	6
	n257, n258, n260
	11.5-TT-MBs
	11.5-TT-MBs
	8-TT-MBs
	
	1.75
	Maximum 0.4 dB relaxation allowed for n260

	7
	n257, n258, n261
	11.5-TT-MBs
	11.5-TT-MBs
	
	11.5-TT-MBs
	1.75
	

	8
	n257, n260, n261
	11.5-TT-MBs
	
	8-TT-MBs
	11.5-TT-MBs
	1.25
	Maximum 0.4 dB relaxation allowed for n260

	9
	n258, n260, n261
	
	11.5-TT-MBs
	8-TT-MBs
	11.5-TT-MBs
	1.25
	Maximum 0.4 dB relaxation allowed for n260

	10
	n257, n258, n260, n261
	11.5-TT-MBs
	11.5-TT-MBs
	8-TT-MBs
	11.5-TT-MBs
	1.75
	Maximum 0.4 dB relaxation allowed for n260

	Note 1:
MBs is the Multiband Relaxation factor declared by the UE for the tested band in table A.4.3.9-3 of TS38.508-2. This declaration shall fulfil the requirements in clause 6.2.1.1.3.3.

Note 2:
All UE supported bands needs to be tested to ensure the multiband relaxation declaration is compliant

Note 3:
Max allowed sum of MBs over all supported FR2 bands as defined in clause 6.2.1.1.3.3


Table 6.2.1.2.5-4: UE spherical coverage for power class 4

	Operating band
	Min EIRP at 20%-tile CDF (dBm)

	n257
	25

	n258
	25

	n260
	19

	n261
	25


6.2.2
UE maximum output power reduction

{Unchanged sections skipped}
6.6
Beam correspondence

Editor’s note: This clause is incomplete. The following aspects are either missing or not yet determined:

-
For beam correspondence tolerance for PC3, the side condition for SSB and CSI-RS are TBD in RAN4

· Minimum Requirements, Measurement Uncertainties and Test Tolerances are FFS for power class 1, 2 and 4.

· Measurement Uncertainties and Test Tolerances are FFS for power class 3. 

· In the test procedure, we need to set rotation time allowed value for UE to find the best beam to use.

6.6.0
General

Beam correspondence is the ability of the UE to select a suitable beam for UL transmission based on DL measurements with or without relying on UL beam sweeping. The beam correspondence requirement is satisfied assuming the presence of both SSB and CSI-RS signal and Type D QCL is maintained between SSB and CSI-RS.

6.6.1
Beam correspondence - EIRP

6.6.1.1
Test purpose

To verify the UE’s ability to select a suitable beam for UL transmission based on DL measurements with or without relying on UL beam sweeping within the range prescribed by the specified nominal maximum output power and beam correspondence tolerance.

6.6.1.2
Test applicability

This test case applies to all types of NR UE release 15 and forward that does not support beam correspondence without UL beam sweeping.

6.6.1.3
Minimum conformance requirements

6.6.1.3.1
Beam correspondence for PC1

FFS

6.6.1.3.2
Beam correspondence for PC2

FFS

6.6.1.3.3
Beam correspondence for PC3

6.6.1.3.3.1
General

The beam correspondence requirement for PC3 UEs consists of three components: UE minimum peak EIRP (as defined in clause 6.2.1.1.3.3), UE spherical coverage (as defined in clause 6.2.1.1.3.3), and beam correspondence tolerance (as defined in clause 6.6.1.3.3.2). The beam correspondence requirement is fulfilled if the UE satisfies one of the following conditions, depending on the UE’s beam correspondence capability, as defined in TS 38.306 [26]:

-
If [bit-1], the UE shall meet the minimum peak EIRP requirement according to Table 6.2.1.3-1 and spherical coverage requirement according to Table 6.2.1.3-3 with its autonomously chosen UL beams and without uplink beam sweeping.  Such a UE is considered to have met the beam correspondence tolerance requirement.

-
If [bit-0], the UE shall meet the minimum peak EIRP requirement according to Table 6.2.1.3-1 and spherical coverage requirement according to Table 6.2.1.3-3 with uplink beam sweeping.  Such a UE shall meet the beam correspondence tolerance requirement defined in Clause 6.6.4.2 and shall support uplink beam management, as defined in TS 38.306 [26].

6.6.1.3.3.2
Beam correspondence tolerance for PC3

The beam correspondence tolerance requirement ∆EIRPBC for power class 3 UEs is defined based on a percentile of the distribution of ∆EIRPBC, defined as ∆EIRPBC = EIRP2 - EIRP1 over the link angles spanning a subset of the spherical coverage grid points, such that

-
EIRP1 is the total EIRP in dBm calculated based on the beam the UE chooses autonomously (corresponding beam) to transmit in the direction of the incoming DL signal, which is based on beam correspondence without relying on UL beam sweeping.

-
EIRP2 is the best total EIRP (beam yielding highest EIRP in a given direction) in dBm which is based on beam correspondence with relying on UL beam sweeping.

-
The link angles are the ones corresponding to the top Nth percentile  of the EIRP2 measurement over the whole sphere, where the value of N is according to the test point of EIRP spherical coverage requirement for power class 3, i.e. N = 50.-
The side condition for SSB and CSI-RS are TBD.

For power class 3 UEs, the requirement is fulfilled if the UE’s corresponding UL beams satisfy the maximum limit in Table 6.6.1.3.3.2-1.

Table 6.6.1.3.3.2-1: UE beam correspondence tolerance for power class 3

	Operating band
	Max ∆EIRPBC at 85 %-tile ∆EIRPBC CDF (dB)

	n257
	[3.0]

	n258
	[3.0]

	n260
	[3.2]

	n261
	[3.0]

	NOTE:
The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1


6.6.1.3.4
Beam correspondence for PC4

FFS 

The normative reference for this requirement is TS 38.101-2 [3] clause 6.6.

6.6.1.4
Test description

6.6.1.4.1
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, and channel bandwidths based on NR operating bands specified in table 5.3.5-1. All of these configurations shall be tested with applicable test parameters for each channel bandwidth and subcarrier spacing, are shown in Table 6.6.1.4.1-1. The details of the uplink reference measurement channels (RMCs) are specified in Annexes A.2. Configurations of PDSCH and PDCCH before measurement are specified in Annex C.2.

Table 6.6.1.4.1-1: Test Configuration Table

	Default Conditions

	Test Environment as specified in TS 38.508-1 [10] subclause [4.1]
	Normal

	Test Frequencies as specified in TS 38.508-1 [10] subclause [4.3.1]
	Low range, High range

	Test Channel Bandwidths as specified in TS 38.508-1 [10] subclause [4.3.1]
	Highest

	Test SCS as specified in Table 5.3.5-1
	120 kHz

	Test Parameters

	Test ID
	ChBw
	SCS
	Downlink Configuration
	Uplink Configuration

	
	
	Default
	N/A
	Modulation
	RB allocation (NOTE 1)

	1
	50
	
	
	DFT-s-OFDM QPSK
	Inner_Full

	2
	100
	
	
	
	

	3
	200
	
	
	
	

	4
	400
	
	
	
	

	NOTE 1:
The specific configuration of each RF allocation is defined in Table 6.1-1.


1.
Connection between SS and UE is shown in TS 38.508-1 [10] Annex A, Figure A.3.3.1.1 for TE diagram and Figure A.3.4.1.1 for UE diagram.

2.
The parameter settings for the cell are set up according to TS 38.508-1 [10] subclause 4.4.3.

3.
Downlink signals are initially set up according to Annex C.2 and TS 38.508-1 [10] subclause 5.2.1.1.1, and uplink signals according to Annex G.0, G.1 and G.3.0.

4.
The UL Reference Measurement channels are set according to Table 6.6.1.4.1-1.

5.
Propagation conditions are set according to Annex B.0

6.
Ensure the UE is in state RRC_CONNECTED with generic procedure parameters Connectivity NR, Connected without release On, Test Mode On and Test Loop Function On according to TS 38.508-1 [10] clause 4.5. Message contents are defined in clause 6.6.1.4.3.

6.6.1.4.2
 Test procedure

Test procedure without beam sweeping:

1.1
SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format [0_1] for C_RNTI to schedule the UL RMC according to Table 6.6.1.4.1-1. Since the UL has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC. Messages to configure the appropriate uplink modulation in section 6.6.1.4.3.

1.2.
Send continuously uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200 msec to ensure that the UE transmits at its maximum output power.

1.3.
Set the UE in the Tx beam peak direction found with a 3D EIRP scan as performed in Annex K.1.1 without uplink beam sweeping. Allow at least BEAM_SELECT_WAIT_TIME (Note 1) for the UE Tx beam selection to complete.

1.4.
Measure UE EIRP1 in the Tx beam peak direction in the channel bandwidth of the radio access mode according to the test configuration. Repeat EIRP1 measurement for all directions in the sphere according to EIRP measurement procedure defined in Annex K.1.9 without beam sweeping for all the points in the grid. After a rotation, allow [TBD] ms for UE to find the best beam to use. The measuring duration is one active uplink subframe. EIRP1 is calculated considering both polarizations, theta and phi.

1.5
Record all the measured EIRP1values.
NOTE 1:
The BEAM_SELECT_WAIT_TIME default value is defined in Annex K.1.1.

Test procedure with beam sweeping:

2.1
SS sends uplink scheduling information for each UL HARQ process via PDCCH DCI format [0_1] for C_RNTI to schedule the UL RMC according to Table 6.6.1.4.1-1. Since the UL has no payload and no loopback data to send the UE sends uplink MAC padding bits on the UL RMC. Messages to configure the appropriate uplink modulation in section 6.6.1.4.3.

2.2.
Send continuously uplink power control "up" commands in every uplink scheduling information to the UE; allow at least 200 msec to ensure that the UE transmits at its maximum output power.

2.3.
Set the UE in the Tx beam peak direction found with a 3D EIRP scan as performed in Annex K.1.1. Allow at least BEAM_SELECT_WAIT_TIME (Note 1) for the UE Tx beam selection to complete.
2.4.
Measure UE EIRP in the Tx beam peak direction in the channel bandwidth of the radio access mode according to the test configuration. Repeat EIRP measurements for all directions in the sphere according to EIRP measurement procedure defined in Annex K.1.9 with beam sweeping. After a rotation, allow [10] ms for UE to find the best beam to use. The measuring duration is one active uplink subframe. EIRP is calculated considering both polarizations, theta and phi.

2.5.
Record all the measured EIRP2 values.

NOTE 1:
The BEAM_SELECT_WAIT_TIME default value is defined in Annex K.1.1.

2.6.
Calculate the ΔEIRPBC = EIRP2 – EIRP1. 

2.7.
Calculate a cumulative distribution function for the ΔEIRPBC values.

NOTE 1: The ΔEIRPtarget-CDF is then obtained from the Cumulative Distribution Function (CDF) computed using ΔEIRPBC for each of all top Nth percentile of the EIRP2 measurement points in the grid. When using constant step size measurement grids, a theta-dependent correction shall be applied, i.e., the PDF probability contribution for each measurement point is scaled by sin(θ).

6.6.1.4.3
Message contents

Message contents are according to TS 38.508-1 [10] subclause 4.6 with following exceptions:

Table 6.6.1.4.3-1: SRS-Config: SpatialRelationInfo test requirement for with beam sweeping

	Derivation Path: TS 38.331 [6], clause 6.3.2

	Information Element
	Value/remark
	Comment
	Condition

	spatialRelationInfo 
	Not present
	The UE can consider the UL beam sweeping.
	


Table 6.6.1.4.3-2: SRS-Config: SpatialRelationInfo test requirement for without beam sweeping

	Derivation Path: TS 38.331 [6], clause 6.3.2

	Information Element
	Value/remark
	Comment
	Condition

	spatialRelationInfo 
	 SRS-SpatialRelationInfo
	The UE consider autonomous beam selection
	


Table 6.6.1.4.3-3: SRS-Config: ssb-Index test requirement for without beam sweeping

	Derivation Path: TS 38.331 [6], clause 6.3.2

	Information Element
	Value/remark
	Comment
	Condition

	           ssb-Index
	SSB-Index
	
	


Table 6.6.1.4.3-4: SRS-Config: SRS resources test requirement

	Derivation Path: TS 38.331 [6], clause 6.3.2

	Information Element
	Value/remark
	Comment
	Condition

	srs-ResourceSetToReleaseList
	Not present
	
	

	srs-ResourceSetToAddModList
	1
	
	

	srs-ResourceToReleaseList
	Not present
	
	

	srs_ResourceToAddModList
	8
	The default beam correspondence SRS resource upper limit (M) = 8 in Rel-15.
	


6.6.1.5
Test requirements

The defined %-tile EIRP in measurement distribution derived in step 2.6 shall exceed the values specified in Table 6.2.1.2.5-3 and 6.2.1.2.5-3a in clause 6.2.1.2.5. The defined %-tile ΔEIRPBC in measurement distribution derived in step 2.7 shall not exceed the values specified in Table 6.6.1.5-1.

Table 6.6.1.5-1: UE beam correspondence tolerance for power class 3

	Operating band
	Max ∆EIRPBC at 85th %-tile ∆EIRPBC CDF (dB)

	n257
	[3.0] +TT

	n258
	[3.0] +TT

	n260
	[3.2] +TT

	n261
	[3.0] +TT

	NOTE:
The requirements in this table are verified only under normal temperature conditions as defined in TS 38.101-2 [3] Annex E.2.1


6.6A
Beam correspondence for CA

{Unchanged sections skipped}
Annex K (normative):
EIRP, TRP, and EIS measurement procedures
Editor’s Note: The measurement procedures are applicable only for single-carrier test cases

Annex K defines the EIRP, TRP, and EIS measurement procedures which includes Tx and Rx beam peak direction search, spherical coverage procedures and TRP procedures for the permitted testing methodologies defined in [5].

K.1
Direct far field (DFF)

K.1.1
TX beam peak direction search

This Tx beam peak search procedure applies to DUTs with and without beam correspondence. The TX beam peak direction is found with a 3D EIRP scan (separately for each orthogonal downlink polarization). The TX beam peak direction search grid points for this single grid approach are defined in Annex M.2.1. Alternatively, a coarse and fine grid approach could be used according to the definition in Annex M.2.2.

The measurement procedure includes the following steps:

1)
Select any of the three Alignment Options (1, 2, or 3) from Tables J.2-1 through J.2-3 [3] to mount the DUT inside the QZ. 

2) 
Position the DUT in DUT Orientation 1 from Tables J.2-1 through J.2-3 [3]. 

3) 
Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink= polarization to form the TX beam towards the measurement antenna.  Allow at least BEAM_SELECT_WAIT_TIME (NOTE 1) for the UE TX beam selection to complete. 

4) 
For beam correspondence, DUT refines its TX beam toward that direction depending on DUT’s beam correspondence capability which shall match OEM declaration: if  DUT’s beam correspondence capability is [bit-1], then DUT autonomously chooses the corresponding TX beam for PUSCH transmission using downlink reference signals to transmit in the direction of the incoming DL signal, which is based on beam correspondence without relying on UL beam sweeping; if DUT’s beam correspondence capability is [bit-0], then DUT chooses the TX beam for PUSCH transmission which is based on beam correspondence with relying on both DL measurements on downlink reference signals and network-assisted uplink beam sweeping (NOTE 2).
5)
SS activates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 [10] clause 4.9.2 using condition Tx only.

6)
Measure the mean power Pmeas (PolMeas= PolLink=) of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).
7)
Calculate EIRP (PolMeas= PolLink=)   by adding the composite loss of the entire transmission path for utilized signal path, LEIRP,θ, and frequency to the measured power Pmeas(PolMeas= PolLink=).
8)
Measure the mean power Pmeas (PolMeas= PolLink=) of the modulated signal arriving at the power measurement equipment.
9)
Calculate EIRP (PolMeas= PolLink=) by adding the composite losses of the entire transmission path for utilized signal path, LEIRP,φ, and frequency to the measured power Pmeas (PolMeas= PolLink=).

10)
Calculate total EIRP(PolLink=)  = EIRP(PolMeas= PolLink=)  + EIRP(PolMeas= PolLink=).

11)
SS deactivates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 [10] clause 4.9.3.
12)
Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink= polarization to form the TX beam towards the measurement antenna. Allow at least BEAM_SELECT_WAIT_TIME for the UE TX beam selection to complete.

13) Advance to the next grid point and repeat steps 3 through 12 until measurements within zenith range 0o≤≤90o  have been completed

14)
After the measurements within zenith range 0o≤≤90o have been completed and 

a) if the re-positioning concept is applied to the TX test cases, position the device in DUT Orientation 2 (either Options 1 or 2) from Tables J.2-1 through J.2-3 [3] for the Alignment Option selected in Step 1. For the TX beam peak search in the second hemisphere, perform steps 3 through 13 for the range of zenith angles 90o<≤0o. 

b) if the re-positioning concept is not applied to the TX test cases, continue steps 3 through 13 for the range of zenith angles 90o<≤180o
For beam correspondence capability [bit-0] DUT, the above step 3) can be further clarified as following sub-steps:

3.1) DUT uses downlink reference signals to select proper RX beam and uses autonomous beam correspondence to select the TX beam. 

3.2) SS configures M=8 SRS resources to DUT, with the field spatialRelationInfo omitted. In case DUT supports less than 8 SRS resources, SS configures the number of SRS resources according to the maximum number of SRS resources indicated by UE capability signalling.

3.3) Based on the TX beam autonomously selected by DUT, DUT chooses TX beams to transmit SRS-resources configured by SS. 

3.4) Based on measurement of the received SRS, SS chooses the best SRS beam which is indicated in the field of SRS Resource Indicator (SRI) in the scheduling grant for PUSCH.

3.5) DUT transmits PUSCH corresponding to the SRS resource indicated by the SRI.

The TX beam peak direction is where the maximum total component of EIRP(PolLink=) or EIRP(PolLink=) is found.

NOTE 1:
The default value for BEAM_SELECT_WAIT_TIME = 3 sec for all applicable Tx and Rx test cases. The BEAM_SELECT_WAIT_TIME represents a default minimum wait time period required to complete beam selection process at a single position before start of measurement. For a particular EUT, if it is known/determined that a lower wait time than default value is enough to complete beam selection process, then such a lower value may be used by the Test system to achieve test time optimization.

NOTE 2: 
This is used for beam correspondence.

K.1.2
RX beam peak direction search

The RX beam peak direction is found with a 3D EIS scan (separately for each orthogonal downlink polarization). The RX beam peak direction search grid points for this single grid approach are defined in Annex M.2.1. Alternatively, a coarse and fine grid approach could be used according to the definition in Annex M.2.4. The measurement procedure includes the following steps:

1)
Select any of the three Alignment Options (1, 2, or 3) from Tables J.2-1 through J.2-3 [3] to mount the DUT inside the QZ. 

2)
Position the DUT in DUT Orientation 1 from Tables J.2-1 through J.2-3 [3]. 

3)
Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink= polarization to form the RX beam towards the measurement antenna. Allow at least BEAM_SELECT_WAIT_TIME (NOTE 1) for the UE RX beam selection to complete. 

4)
Determine EIS(PolMeas= PolLink= for θ-polarization, i.e., the power level for the θ-polarization when the search tolerance is less than 0.2dB, at which the throughput exceeds the requirements for the specified reference measurement channel.

5)
Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink= polarization to form the RX beam towards the measurement antenna. Allow at least BEAM_SELECT_WAIT_TIME for the UE RX beam selection to complete.

6)
Determine EIS(PolMeas= PolLink= for φ-polarization, i.e., the power level for the φ-polarization when the search tolerance is less than 0.2dB, at which the throughput exceeds the requirements for the specified reference measurement channel.

7)
Advance to the next grid point and repeat steps 3 through 6 until measurements within zenith range 0o≤≤90o  have been completed

8)
After the measurements within zenith range 0o≤≤90o have been completed and 

a) if the re-positioning concept is applied to the RX test cases, position the device in DUT Orientation 2 (either Options 1 or 2) from Tables J.2-1 through J.2-3 [3] for the Alignment Option selected in Step 1. For the RX beam peak search in the second hemisphere, perform steps 3 through 6 for the range of zenith angles 90o<≤0o.

b) If the re-positioning concept is not applied to the RX test cases, continue steps 3 through 6 for the range of zenith angles 90o<≤180o
9)
Calculate the resulting “averaged EIS” as:

averaged EIS = 2*[1/EIS(PolMeas= PolLink= +1/EIS(PolMeas= PolLink=]-1

The RX beam peak direction is where the minimum “averaged EIS” is found.

K.1.3
Peak EIRP measurement procedure

This section describes EIRP measurement procedure for a chosen PolLink of or
The TX beam peak direction is where the maximum total component of EIRP is found, including the respective polarization of the measurement antenna used to form the TX beam, according to K.1.1.

The measurement procedure includes the following steps:

1)
Select any of the three Alignment Options (1, 2, or 3) from Tables J.2-1 through J.2-3 [3] to mount the DUT inside the QZ. 

2)
If the re-positioning concept is not applied to the TX test cases, position the device in DUT Orientation 1. If the re-positioning concept is applied to the TX test cases, 

a) position the device in DUT Orientation 1 from Tables J.2-1 through J.2-3 [3] if the maximum beam peak direction is within zenith angular range 0o≤≤90o for the alignment option selected in step 1

b) position the device in DUT Orientation 2 (either Options 1 or 2) from Tables J.2-1 through J.2-3 [3] if the maximum beam peak direction is within zenith angular range 90o<≤180o for DUT Orientation 1 for the alignment option selected in step 1.

3)
Connect the SS (System Simulator) with the DUT through the measurement antenna with polarization reference PolLink to form the TX beam towards the TX beam peak direction and respective polarization. Allow at least BEAM_SELECT_WAIT_TIME (NOTE 1) for the UE TX beam selection to complete.

4)
SS activates the UE Beamlock Function (UBF) by performing the procedure as specified in TS 38.508-1 [10] clause 4.9.2 using condition Tx only.

5)
Measure the mean power Pmeas (PolMeas= PolLink)  of the modulated signal arriving at the power measurement equipment (such as a spectrum analyser, power meter, or gNB emulator).

6)
Calculate EIRP(PolMeas= PolLink by adding the composite loss of the entire transmission path for utilized signal path, LEIRP,θ, and frequency to the measured power Pmeas (PolMeas= PolLink
7)
Measure the mean power Pmeas (PolMeas= PolLink)  of the modulated signal arriving at the power measurement equipment.

8)
Calculate EIRP(PolMeas= PolLink) by adding the composite losses of the entire transmission path for utilized signal path, LEIRP,φ and frequency to the measured power Pmeas (PolMeas= PolLink)
9)
Calculate the resulting “total EIRP(PolLink)”, for the chosen PolLink of oras follows:

total EIRP (PolLink = EIRP(PolMeas= PolLink + EIRP(PolMeas= PolLink
K.1.4
Peak EIS measurement procedure

This section describes EIS measurement procedure. The RX beam peak direction is where the minimum EIS is found according to K.1.2.

The measurement procedure includes the following steps:

1)
Select any of the three Alignment Options (1, 2, or 3) from Tables J.2-1 through J.2-3 [3] to mount the DUT inside the QZ. 

2)
If the re-positioning concept is not applied to the RX test cases, position the device in DUT Orientation 1.
If the re-positioning concept is applied to the RX test cases

a) position the device in DUT Orientation 1 from Tables J.2-1 through J.2-3 [3] if the maximum beam peak direction is within zenith angular range 0o≤≤90o for the alignment option selected in step 1

b) position the device in DUT Orientation 2 (either Options 1 or 2) from Tables J.2-1 through J.2-3 [3] if the maximum beam peak direction is within zenith angular range 90o<≤180o for DUT Orientation 1 for the alignment option selected in step 1.

3)
Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink= polarization to form the RX beam towards the RX beam peak direction. Allow at least BEAM_SELECT_WAIT_TIME (NOTE 1) for the UE RX beam selection to complete. 

4)
Determine EIS(PolMeas= PolLink= for θ-polarization, i.e., the power level for the θ-polarization at which the throughput exceeds the requirements for the specified reference measurement channel

5)
Connect the SS (System Simulator) with the DUT through the measurement antenna with PolLink= polarization to form the RX beam towards the RX beam peak direction. Allow at least BEAM_SELECT_WAIT_TIME for the UE RX beam selection to complete.

6)
Determine EIS(PolMeas= PolLink= for φ-polarization, i.e., the power level for the φ-polarization at which the throughput exceeds the requirements for the specified reference measurement channel

7)
Calculate the resulting averaged EIS as:

EIS = 2*[1/EIS(PolMes= PolLink= +1/EIS(PolMeas= PolLink=]-1

K.1.5
EIRP spherical coverage

The EIRP results from the TX beam peak search procedures of K.1.1, using the minimum number of grid points as described in Annex M.2.1 can be re-used for EIRP spherical coverage. 

In case a coarse beam peak grid is used for TX beam peak search, using the minimum number of grid points defined in Annex M.3.1.1, the EIRP results can be re-used for EIRP spherical coverage.
In case a separate test is performed for EIRP spherical coverage, the procedure as per K.1.3 should be followed using the minimum number of grid points defined in Annex M.3.1.1 for spherical coverage. 
The EIRPtarget-CDF is then obtained from the Cumulative Distribution Function (CDF) computed using maximum(EIRP(PolLink=), EIRP(PolLink=)) for all grid points. When using constant step size measurement grids, a theta-dependent correction shall be applied, i.e., the PDF probability contribution for each measurement point is scaled by sin(θ).

K.1.6
EIS spherical coverage

The EIS results from the RX beam peak search procedures of K.1.2, using the minimum number of grid points as described in Annex M.2.2 can be re-used for EIS spherical coverage. 

In case a coarse beam peak grid is used for RX beam peak search with an EIS metric, using the minimum number of grid points defined in Annex M.3.2.1, the EIS results can be re-used for EIS spherical coverage. 

In case a separate test is performed for spherical coverage, the procedure K.1.4 should be followed using the minimum number of grid points defined in Annex M.3.2.1 for spherical coverage.

The EIStarget-CDF is then obtained from the Cumulative Distribution Function (CDF) computed using averaged EIS for all grid points. When using constant step size measurement grids, a theta-dependent correction shall be applied, i.e., the PDF probability contribution for each measurement point is scaled by sin(θ).

K.1.7
TRP measurement procedure

The minimum number of measurement points for TRP measurement grid is outlined in Annex M.4.

The measurement procedure includes the following steps:

1) 
Select any of the three Alignment Options (1, 2, or 3) from Tables J.2-1 through J.2-3 [3] to mount the DUT inside the QZ.

2)
If the re-positioning concept is not applied to the TX test cases, position the device in DUT Orientation 1. If the re-positioning concept is applied to the TX test cases

a) position the device in DUT Orientation 1 from Tables J.2-1 through J.2-3 [3] if the maximum beam peak direction is within zenith angular range 0o≤≤90o for the alignment option selected in step 1

b) Position de device in DUT Orientation 2 (either Options 1 or 2) from Tables J.2-1 through J.2-3 [3] if the maximum beam peak direction is within zenith angular range 90o<≤180o for DUT Orientation 1 for the alignment option selected in step 1. 

3)
Connect the SS with the DUT through the downlink antenna with desired polarization reference PolLink to form the TX beam towards the desired TX beam direction and respective polarization. 

4)
Lock the beam toward that direction and polarization for the entire duration of the test. Send continuously uplink power control "up" commands in every uplink scheduling information to the UE.

5)
For each measurement point, measure Pmeas(PolMeas= PolLink and Pmeas(PolMeas= PolLink. The angle between the measurement antenna and the DUT (θMeas, φMeas) is achieved by rotating the measurement antenna and the DUT (based on system architecture). 

6)
Calculate EIRP(PolMeas= PolLink and EIRP(PolMeas= PolLink by adding the composite loss of the entire transmission path for utilized signal paths, LEIRP,θ, LEIRP,φ and frequency to the respective measured powers Pmeas.

7)
The TRP value for the uniform measurement grid is calculated using the TRP integration approaches outlined in Annex M.4.2. The TRP value for the constant density grid is calculated using the TRP integration formula in Annex M.4.3.

K.1.8
Blocking measurement procedure

The RX beam peak direction is where the minimum EIS is found according to K.1.2.

The measurement procedure includes the following steps:
1)
Select any of the three Alignment Options (1, 2, or 3) from Tables C.2-1 through C.2-3 to mount the DUT inside the QZ. 
2)
If the re-positioning concept is not applied to the RX test cases, position the device in DUT Orientation 1. If the re-positioning concept is applied to the RX test cases

a) position the device in DUT Orientation 1 from Tables J.2-1 through J.2-3 [3] if the maximum beam peak direction is within zenith angular range 0o≤≤90o for the alignment option selected in step 1

b) position the device in DUT Orientation 2 (either Options 1 or 2) from Tables J.2-1 through J.2-3 [3] if the maximum beam peak direction is within zenith angular range 90o<≤180o for DUT Orientation 1 for the alignment option selected in step 1.


3)
Establish a connection between the DUT and the SS with the downlink signal applied to the θ-polarization of the measurement antenna

4)
Position the UE so that the beam is formed towards the measurement antenna in the RX beam peak direction.

5)
Apply a signal with the specified reference measurement channel on the θ-polarization, setting the power level of the signal 3dB below the EIS level stated in the requirement.

6)
Apply the blocking signal with the same polarization and coming from the same direction as the downlink signal. Set the power level of the blocking signal 3dB below the level stated in the requirement.

7)
Measure the throughput of the downlink signal on the θ-polarization.

8)
Switch the downlink and blocking signal to the φ-polarization of the measurement antenna.

9)
Repeat steps 3 to 7 on the φ-polarization.

10)
Compare the results for both the θ-polarization and φ-polarization against the requirement. If both results meet the requirements, pass the UE.

K.1.9
Beam Correspondence tolerance procedure

Editor’s Note: The side conditions for downlink reference signals SSB and CSI-RS in beam correspondence tolerance test are FFS.

This beam correspondence tolerance procedure applies to the DUT that has beam correspondence capability as [bit-0] (which shall match OEM declaration), such that DUT relies on uplink beam sweeping to fulfil the minimum peak EIRP and spherical coverage requirements.

The measurement procedure includes the following steps for each of the points in the grid:
1)
Follow the test procedures specified in subclause K.1.5 with uplink beam sweeping disabled, obtain total EIRP1(PolLink=) and total EIRP1(PolLink=EIRP1 is calculated by EIRP1 = maximum(EIRP1(PolLink=), EIRP1(PolLink=).

2)
Follow the test procedures specified in subclause K.1.5, with uplink beam sweeping enabled (SS does not configure the spatialRelationInfo to DUT) during DUT TX beam refinement, obtain total EIRP2(PolLink=) and total EIRP2(PolLink=EIRP2 is calculated by EIRP2 = maximum(EIRP2(PolLink=), EIRP2(PolLink=).

3)
Calculate the ΔEIRPBC = EIRP2 – EIRP1.

The ΔEIRPtarget-CDF is then obtained from the Cumulative Distribution Function (CDF) computed using ΔEIRPBC for each of all top Nth percentile of the EIRP2 measurement points in the grid. When using constant step size measurement grids, a theta-dependent correction shall be applied, i.e., the PDF probability contribution for each measurement point is scaled by sin(θ).

NOTE:
ΔEIRPBC is introduced for beam correspondence tolerance based on two EIRP measurements (EIRP1 and EIRP2). EIRP1 is the measured total EIRP based on the beam which DUT chooses autonomously (corresponding beam) to transmit in the direction of the incoming DL signal, which is based on beam correspondence without relying on UL beam sweeping. EIRP2 is the measured total EIRP based on the beam yielding highest EIRP in a given direction, which is based on beam correspondence with relying on UL beam sweeping. ΔEIRPBC shall be calculated over the link angles spanning a subset of the spherical coverage grid points which are corresponding to the top Nth percentile of the EIRP2 measurement points in the grid, where the value of N is according to EIRP spherical coverage requirement of DUT’s power class defined in TS 38.101-2 [3] clause 6.2.1, e.g., N=50 for power class 3 DUT.

K.2
Direct far field (DFF) simplification

K.2.1
TX beam peak direction search

Same measurement procedure as in clause K.1.1.

K.2.2
RX beam peak direction search

Same measurement procedure as in clause K.1.2.

K.2.3
Peak EIRP measurement procedure

Same measurement procedure as in clause K.1.3.

K.2.4
Peak EIS measurement procedure

Same measurement procedure as in clause K.1.4. 

K.2.5
EIRP spherical coverage

Same measurement procedure as in clause K.1.5. 

K.2.6
EIS spherical coverage

Same measurement procedure as in clause K.1.6. 

K.2.7
TRP measurement procedure

Same measurement procedure as in clause K.1.7. 

K.2.8
Blocking measurement procedure

Same measurement procedure as in clause K.1.8.

K.3
Indirect far field (IFF)

K.3.1
TX beam peak direction search

Same measurement procedure as in clause K.1.1.

K.3.2
RX beam peak direction search

Same measurement procedure as in clause K.1.2.

K.3.3
Peak EIRP measurement procedure

Same measurement procedure as in clause K.1.3.

K.3.4
Peak EIS measurement procedure

Same measurement procedure as in clause K.1.4. 

K.3.5
EIRP spherical coverage

Same measurement procedure as in clause K.1.5. 

K.3.6
EIS spherical coverage

Same measurement procedure as in clause K.1.6. 

K.3.7
TRP measurement procedure

Same measurement procedure as in clause K.1.7.

K.3.8
Blocking measurement procedure

Same measurement procedure as in clause K.1.8.

K.4
Near field to far field transform (NFTF)

K.4.1
TX beam peak direction search

The TX beam peak direction is found with a 3D EIRP scan (separately for each orthogonal polarization) with a grid that is TBD. The TX beam peak direction is where the maximum total component of EIRP is found.

FFS

K.4.2
RX beam peak direction search

Not applicable for NFTF method. 

K.4.3
Peak EIRP measurement procedure

1)
Connect the SS (System Simulator) to the DUT through the measurement antenna with polarization reference PolMeas to form the TX beam towards the previously determined TX beam peak direction and respective polarization.

2)
Lock the beam toward that direction for the entire duration of the test.

3)
Perform a 3D pattern measurement (amplitude and phase) with the DUT sending a modulated signal.

4)
Determine the EIRP for both polarization towards the TX beam peak direction by using a Near Field to Far Field transform.

5)
Calculate total EIRP = EIRP + EIRP

K.4.4
Peak EIS measurement procedure

Not applicable for NFTF method.

K.4.5
EIRP spherical coverage

Same measurement procedure as in clause K.1.5. 

K.4.6
EIS spherical coverage

Not applicable for NFTF method.

K.4.7
TRP measurement procedure

The minimum number of measurement points for TRP measurement grid is outlined in Annex M.4.

The measurement procedure includes the following steps:

1)
Connect the SS to the DUT through the measurement antenna with polarization reference PolMeas to form the TX beam towards the previously determined TX beam peak direction and respective polarization.

2)
Lock the beam toward that direction for the entire duration of the test.

3)
Perform a 3D pattern measurement (amplitude and phase) with the DUT sending a modulated signal.

4)
For each measurement point on the grid, determine the EIRP for both polarization by using a Near Field to Far Field transform.

5) The TRP value for the constant step size measurement grids are calculated using the TRP integration approaches outlined in Annex M.4.2. The TRP value for the constant density grid is calculated using the TRP integration formula in Annex M.4.3.
K.4.8
Blocking measurement procedure

Not applicable for NFTF method.
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