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1 Background
The existing test for verification of beam correspondence (BC) cover connected mode operation. The importance of BC during initial access and its verification were discussed the first time in [1] and then in the follow-up [2] at RAN4#92. In [2] it is observed that beam corrspondence is critical during the intial access procedure and furthermore:
Observation 1: there is no uplink beam management procedure for intial access, which makes verification of the beam correpondace for intial access at least as important as for connected mode.

RAN4#92 also discussed the possibility that an RRM test of the random access procedure implicitly verifies BC at initial access. This meeting also discussed the absolute power tolerance requirements and a proposal in [3] to make the existing tentative requirements meaningful by adding a test point at maximum power setting. This test case (clause 6.3.4.2) is specified for PUSCH but actually also applies for PRACH by reference in the 38.133:
6.2.2.2
Requirements

The UE shall have capability to calculate PRACH transmission power according to the PRACH power formula defined in TS 38.213 [3] and apply this power level at the first preamble or additional preambles. The absolute power applied to the first preamble shall have an accuracy as specified in Table 6.3.4.2-1 of TS 38.101-1 [18] for frequency range 1 and in Table 6.3.4.2-1 of TS 38.101-2 [19] for frequency range 2. The relative power applied to additional preambles shall have an accuracy as specified in Table 6.3.4.3-1 of TS 38.101-1 [18] for frequency range 1 and clause 6.3.4.3 of TS38.101-2 [19] for frequency range 2.
[…]
The requirements in this section apply for UE in SA operation mode or any MR-DC operation mode.
RAN#92 discussed the possibility that the absolute power tolerance requirement could be removed should an RF test for BC during initial access be specified. BC is indeed related to the absolute (open-loop) power test. However, if the absolute requirements are like the existing, this does not guarantee that the PRACH power (TX beam direction) is set properly based on the downlink PL estimate (RX beam direction). 
The existing requirement on absolute (OL) power tolerance is ±17 dB at maximum power (including test tolerance) and is ±19 dB (we include the test tolerance since this is based on an estimate for the worst performing test lab and hance implies additional margin for passing the test). These conformance requirements are obviously meaningless since the dynamic range of a PC3 UE is of the order of 35 dB. Now, adding a test point at maximum power setting with significantly smaller tolerance would also make the test more relevant also for PRACH. Notwithstanding, an additional test point at maximum power does not verify BC (for this test point the parameters are set such that the maximum power in the TX beam is attained regardless of any downlink estimates via the RX beam):
Observation 2: the absolute (OL) power-tolerance test does not verify beam correspondence during intial access.

How does the RRM tests of the random access procedure look like?

The random access procedure for FR2 is verified by using OTA setup 2b for which the SSB with different indices are sent from the same direction (same probe) but with different power, which would not verify BC even if the test is repeated for all directions. The purpose is to verify the random access procedure:

A.5.3.2.2
Random Access
A.5.3.2.2.1
Contention based random access test in FR2 for PSCell/SCell in EN-DC
A.5.3.2.2.1.1
Test Purpose and Environment

The purpose of this test is to verify that the behavior of the random access procedure is according to the requirements and that the PRACH power settings and timing are within specified limits. This test will verify the requirements in clause 6.2.2.2 and clause 7.1.2 in an AWGN model.
[…]

Table A.5.3.2.2.1.1-3: OTA-related test parameters for contention based random access test in FR2 for PSCell/SCell in EN-DC

	Parameter
	Unit
	Test-1
	Comments

	AoA setup
	
	Setup 2b
	As defined in A.3.15.2.2.

	SSB with index 0
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	dB
	4
	SSB with index 0 is signalled to be above configured rsrp-ThresholdSSB

	
	SSB_RP
	dB
	[10] dB larger than SSB_RP for SSB index 1
	

	SSB with index 1
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	dB
	-6
	SSB with index 1 is signalled to be below configured rsrp-ThresholdSSB

	
	SSB_RP
	dB
	Minimum SSB_RP value is dependent on band and power class as specified for spherical coverage AoA in Table B.2.2-2
	

	ss-PBCH-BlockPower
	dBm/ SCS
	TBD
	As defined in clause 6.3.2 in TS 38.331 [2].

	Configured UE transmitted power (
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)
	dBm
	TBD
	As defined in clause 6.2.4 in TS 38.101-2.

	PRACH Configuration
	
	FR2 PRACH configuration 1
	As defined in A.3.8.3.

	Propagation Condition 
	-
	AWGN
	

	Note 1:
void.

Note 2:
void.


A.5.3.2.2.1.2
Test Requirements

Contention based random access is triggered by not explicitly assigning a random access preamble via dedicated signalling in the downlink.

A.5.3.2.2.1.2.1
Random Access Preamble Transmission

To test the UE behavior specified in Subclause 6.2.2.2.1.1 the System Simulator shall receive the Random Access Preamble which belongs to one of the Random Access Preambles associated with the SSB with index 0, which has SS-RSRP above the configured rsrp-ThresholdSSB.

[…]
A.5.3.2.2.1.2.2
Random Access Response Reception

To test the UE behavior specified in Subclause 6.2.2.2.1.2 the System Simulator shall transmit a Random Access Response containing a Random Access Preamble identifier corresponding to the transmitted Random Access Preamble after 5 preambles have been received by the System Simulator. In response to the first 4 preambles, the System Simulator shall transmit a Random Access Response not corresponding to the transmitted Random Access Preamble.
The angle of arrival (AoA) test setups are defined as follows
A.3.15.1
Setup 1: Single AoA in Rx beam peak direction

There is only one active probe in the test. The DL signals, and noise if applicable, transmitted from the probe, are aligned to the UE Rx beam peak direction (as defined in TS 38.101-2 [19]).

A.3.15.2
Setup 2: Single AoA in non Rx beam peak direction

A.3.15.2.1
Setup 2a: Single AoA in non Rx beam peak direction without change in direction

There is only one active probe in the test. The DL signals, and noise if applicable, transmitted from the probe, align to a direction (AoA) which is 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 direction (AoA) of the signals shall not be changed between test iterations.

A.3.15.2.2
Setup 2b: Single AoA in non Rx beam peak direction with change in direction

There is only one active probe in the test. The DL signals, and noise if applicable, transmitted from the probe, align to a direction (AoA) which is 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. For UE power class 3, the direction (AoA) of the signals shall be changed for each test iteration (for UE power classes other than 3, this is FFS).

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.

Editor Note: If RAN5 finds the changing of angular offset between the directions (AoAs) of the 2 active probes per test iteration to be infeasible from the perspectives of EIS spherical coverage and other impacts, e.g.: testing time, then the test setup will be revised. 

Table 3.15.3-1: Set of relative anguler offsets between active probes for each power class

	UE Power class
	Relative angular offset between active probes

	1
	FFS

	2
	FFS

	3
	30°, 60°, 90°, 120° and 150°

	4
	FFS


Setup 3 appears the most relevant for verifying BC if the random access msg1 and msg2 would be tested in different direction to ensure the TX and RX beams are sufficiently aligned, for example.

Setup 3 is used for e.g. verifiying BFD and link recovery in DRX mode. Is this an implicit BC test with SSB?
A.7.5.5.2
Beam Failure Detection and Link Recovery Test for FR2 PCell configured with SSB-based BFD and LR in DRX mode

Editor’s note: It is open whether BFD can be based on SSB. This test case will be updated accordingly.

A.7.5.5.2.1
Test Purpose and Environment
The purpose of this test is to verify that the UE properly detects SSB-based beam failure in the set q0 configured for a serving cell and that the UE performs correct SSB-based link recovery based on beam candidate set q1. The purpose is to test the downlink monitoring for beam failure detection within the UEs active DL BWP, during the evaluation period, and link recovery, when DRX is used. This test will partly verify the SSB based beam failure detection and link recovery for an FR2 serving cell requirements in clause 8.5.
[…]
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Figure A.7.5.5.2.1-1: SNR variation for SSB-based beam failure detection and link recovery testing in non-DRX mode
A.7.5.5.2.2
Test Requirements

The UE behaviour during time durations T1, T2, T3, T4 and T5 shall be as follows:

During the time duration T1 and T2, the UE shall transmit uplink signal at least in all subframes configured for CSI transmission on Cell 1.

During the period from time point A to time point B the UE shall transmit uplink signal in Cell 1 in all uplink slots configured for CSI transmission according to the configured periodic CSI reporting for Cell 1.

During T3 the UE shall detect beam failure and initiate link recovery. During T4 and T5 the UE measures and evaluate beam candidate from beam candidate set q1.

No later than time point F occurring no later than D1 = [TBD] ms after the start of T5, the UE shall transmit preamble on a beam associated with the candidate beam set q1.

Test is concluded once the test equipment has received the initial preamble transmission from the UE. The rate of correct events observed during repeated tests shall be at least 90%.
The beam candidate set q1 is sent from a different direction (probe) than the set q0. The dynamic range is this test is up to 20 dB (SNR1 to SNR3). The beam candidate set q1 should be detected (RX beam) and preambles be sent on a TX beam associated with this candidate set. However, this does not verify that the beams are aligned, it suffices that the RX beam is sufficiently good in the direction of the candidate set q1 (same concerns with BC verification in connected mode by spherical coverage only)
We conclude that an RF test for verifying beam correspondence is needed. This BC test is also a meaningful SSB-only test, which is within the scope of the FR2 UE RF enhacenment WI: “ UE Beam Correspondence requirements to ensure that UE performs beam correspondence based on DL reference signal (SSB or CSI-RS) configured by the network ” [4]. The UE transmits PRACH on a set of resources depending on the best SSB time index.
Observation 3: beam correpondence for intial access is a SSB-only beam correspondence test.

Proposal 1: The current RRM tests are not sufficient for verification of beam correpondace during intial access, an RF test is needed.

2 Test methodology: correlation between PRACH power and msg2 detection capability
In this section we reiterate the test configuration described in [1] and [2] and amend it with test parameters borrowed from the random access RRM tests in 38.133.
The UEs that support beam correspondence shall have the ability to select a corresponding beam for UL transmission based on DL measurements without relying on network-assisted UL beam management (not available during initial access). Figure 1 illustrates a case without beam correspondence: the beam pattern used for the DL measurements (solid line) in the direction of the source (the arrow) does not correspond to an optimal beam pattern for UL transmission (dashed). 
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Figure 1: a case in which the DL beam pattern (solid) does not correspond the optimal UL beam (dashed).
The RX beam pattern chosen should be directed towards the source to yield a DL PL (actually a coupling loss) suitable for setting the UL power of a similar TX beam pattern. The beam patterns used for initial access may be different from those used in connected mode to facilaite selection of a suitable gNB DL beam.
Beam correspondence for connected mode is verified by a spherical coverage test in terms of absolute powers (with possible UL beam management based on capability). It is assumed that compliance with the UL spherical coverage test requires that the DL measurement is based on a “sufficiently good” beam pattern similar to the UL beam pattern selected for each direction measured. 
For intial access verification a spherical coverage measurement of RA preamble power could also be used, but an absolute EIRP requirement at a CDF percentile may reduce the choice of antenna patterns suitable for SSB measurements, PRACH power control and corresponding preamble transmissions. Intead of this, we propose to start by verifying that the radiated preamble power is sufficiently “omni-directional” by a spherical power measurement normalized to the power in the direction of the maximum over the sphere. Given the spherical coverage measurement, beam correspondence is further verified by checking that the the reception of the Random Access Response (msg2) is less successful in the directions in which the maximum radiated preamble power is much lower than that measured in the direction of the maximum. 
The PRACH power is
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defined in the same plane of reference as the RSRP measurement (UE implementation specific), hence before beam forming. The PL is estimated in the DL; it is in fact the coupling loss that also includes the UE RX beam gain. Reception of msg2 at a given SSB power is less successful in directions where the PL is higher and hence where the RX beam gain is lower assuming that the actual path loss is not depedning on the direction (e.g. the UE rotated at a fixed distance in a test chamber). Beam correspondence then implies that the TX beam gain is lower in the said directions, which would be manifested by a lower maximum radiated preamble power in these directions in a spherical coverage test at maximum power setting. Conversely, if the PL is lower and the RX gain higher msg2 reception is more successful: i.e. msg2 reception as acknowledged by a msg3 response is expected for a lower SSB power in diretions of higher preamble power compared to that required in directions of lower power. It is assumed throughout that the PRACH is configured such that the maximum power Pcmax is attained throughout the measurement, the radiated power in a given direction is then bounded by the beam pattern. 
The test procedure would be as follows:
1. Measure the maximum Random Access preamble radiated power over the sphere (similar to sperhical-coverage verification of BC) with PRACH configured such that maximum power Pcmax,c is reached for each direction, do not send Random Access Response  (msg2) until the preamble power stops increasing. Keep the SSB power and target received power constant (e.g. set the target received power, preamble power step and number of preamble transmissions such that the maximum power is attained). This is similar to sending repeated “UP” commands in verification of the spherical coverage in connected mode.
2. Normalise the CDF obtained with the measured radiated preamble power (EIRP) in the direction of maximum over the sphere. 
3. Evaluate the Random Access Reseponse (Msg2) reception in directions where the radiated preamble power is lower; in these directions the PL should be higher for corresponding beams. In the direction of the maximum radiated preamble power the UE should be able to receive Msg2 at a X dB lower SSB (or CSI-RS) transmission power than that required for reception of Msg2 in any direction for which the measured maximum radiated preamble power is more than X below the power in the direction of maximum direction. 
The spherical coverage requirement (percentile) is thus relative to the maximum radiatied power measured over the sphere to veify the omni-directinality of RACH. This could be subject to a minimum requirement on the absolute power in the direction of the maximum that is conservative not to limit the antenna design.
The evaluation of Msg2 reception can be made in a sparse grid; the actual SSB power can be varied for each test point until Msg3 is not received (the ReferenceSignalPower indicated to UE can still be constant for making sure that the PL calculation is unchanged and the preamble output power maintained). Note that the test points for Msg2 evaluation could be at a percentile lower than that required for the radiated preamble power. The procedure is illustrated in Figure 2.
For verification of the RAR reception the AoA test configuration Setup 3 in 38.133 (Annex A3.15) can be used, where the angular offset is derived from the spherical coverage test as described above. The SSB power in the PRACH beam-peak direction form probe 1 should be X below the SSB power from probe 2 (where the measured msg1 power is X dB lower at maximum PRACH power setting). The directions of the DUT should not change between test iterations (unlike the general definition of Setup 3).
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Figure 2: verification of BC during initial access (the measured EIRP pattern indicated by solid lines)
3 In the 38.101-2

The test would look like follows in the 38.101-2, the numbers are just for illustration,
Table 6.2.4-1: PUMAX,f,c tolerance

	Operating Band
	∆P (dB)
	Tolerance T(∆P)

(dB)

	n257, n258, n260, n261
	 P = 0 
	0

	
	0 < P ≤ 2
	[1.5]

	
	2 < P ≤ 3
	[2.0]

	
	3 < P ≤ 4
	[3.0]

	
	4 < P ≤ 5
	[4.0]

	
	5 < P ≤ 10
	[5.0]

	
	10 < P ≤ 15
	[7.0]

	
	15 < P ≤ X
	[8.0]

	NOTE:
X is the value such that Pumax,f,c lower bound,  PPowerclass - P – T(P) = minimum output power specified in subclause 6.3.1


6.2.5
Beam correspondence during intial access
UEs that support beam correspondence shall have the ability to select a corresponding beam for UL transmission based on DL measurements without relying on network-assisted UL beam management.
During intial access the UE shall meet the spherical coverage requirement for PRACH transmissions specified in Table 6.2.5-1. The PRACH shall be configured such that the maximum preamble power is attained in each direction. The spherical coverage requirement is specified in terms of the a minimum preamble EIRP at the 50th percentile of the distribution of radiated power over the full sphere with power levels normalized to the radiated preamble power measured in the maximum direction subject to an additional requirement on the minimum absolute power in the direction of the maximum preamble EIRP. Furthermore, in the direction of maximum radiated preamble power, the UE shall be able to receive a Random Access Response (Msg2) at a [X] dB lower SSB (or CSI-RS) transmission power than that required for reception of Random Access Response in a  ny direction for which the measured maximum radiated preamble power is more than [X] below the corresponding power in the direction of maximum. The Random Access Response reception is considered successful once a Msg3 is transmitted. OTA-related test parameters are specified in Table 6.2.5-2.
Table 6.2.5-1: UE spherical coverage for PRACH transmissions (power class 3)
	Operating band
	Min relative EIRP at 50th percentile CDF 
[dB]
	Minimum absolute PRACH power in the direction of maximum

[dBm]

	n257
	[-10]
	[15]

	n258
	
	

	n260
	
	

	n261
	
	

	NOTE 1:
The PRACH shall be configured such that the maximum radiated preamble power is attained in each direction.
NOTE 2:





Table 6.2.5-2: OTA-related test parameters for Msg2 measurement
	Parameter
	Unit
	Test parameters
	Comments

	AoA setup for msg2 measurement
	
	Setup 3 without change of direction between test 
	As defined in A.3.15.2.2 in TS 38.133 with angular offset derived from the spherical coverage test

	SSB with index 0
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	dB
	No interference
	SSB with index 0 is signalled to be above configured rsrp-ThresholdSSB

	
	SSB_RP
	dB
	[X] dB lower than SSB_RP for SSB index 1
	

	SSB with index 1
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	dB
	No interference
	SSB with index 1 is signalled to be above configured rsrp-ThresholdSSB

	
	SSB_RP
	dB
	[Minimum SSB_RP value is dependent on band and power class as specified for spherical coverage AoA in Table B.2.2-2 in TS 38.133]
	

	ss-PBCH-BlockPower
	dBm/ SCS
	TBD
	As defined in clause 6.3.2 in TS 38.331 [2].

	Configured UE transmitted power (
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	dBm
	[Such that maximum PRACH level is attained]
	As defined in clause 6.2.4.

	PRACH Configuration
	
	FR2 PRACH configuration 1
	As defined in A.3.8.3 in TS 38.133.

	Propagation Condition 
	-
	AWGN
	


6.2A
Transmitter power for CA
4 Proposal
It is proposed that beam correspondence during initial access is verified by an RF test. 
Proposal 1: The current RRM tests are not sufficient for verification of beam correpondace during intial access, an RF test is needed.

The absolute power tolerance (OL power control) test is related to BC. It is observed that the absolute power tolerance test is applicable also to PRACH transmissions by reference in 38.133 (but the existing tentative absolute tolerance requirements are meaningless).
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