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1 Background
In this contribution we complete the test configuration for verification of beam correspondence during intitial access as proposed in [1] and provide initial results for spherical coverage of preamble transmissions..
The existing test for verification of beam correspondence (BC) covers connected mode operation. The importance of BC during initial access and its verification were discussed the first time in [2] and then in the follow-up [3] in which it is observed that beam corrspondence is critical during the intial access procedure: 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. The BC test in intial access is critical since poor beam correspondace during intial access will signanificantly increase the delay time. In addition, the BC in PRACH can also affect the beam failure recover process since the BFR is basically a PRACH connection.
RAN4#92 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 [4] 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. In [5] it was observed that BC is indeed related to the absolute power test, but with requirements like the existing, there is no guarantee that the PRACH power (TX beam direction) is set properly based on the downlink PL estimate (RX beam direction). Verification of BC during initial access through open loop power control test would require significantly improved accuracy of the core requirement.
It was thus concluded in [5] that the current RRM tests are not sufficient for verification of beam correpondace during intial access, an RF test 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 ” [6]. The UE transmits PRACH on a set of resources depending on the best SSB time index.

Proposal 1: beam correpondence for intial access is critical for system performance and is a SSB-only beam correspondence test. Therefore, it shall be completed within the Rel-16 WI “UE RF enhancement for FR2”. 

2 Test methodology: correlation between PRACH power and msg2 detection capability
2.1 Test procedure
Next we complete the test configuration described in [1] by defining the requirement for the Msg2 reception.
We recall that 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, which is not available during initial access. 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. In e.g. [7] it was proposed that the maximum antenna gain difference between refined beams and rough beams for a PC3 UE over the 50%-ile directions in which UE meets spherical coverage is 5dB.
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 test procedure would be as follows:
1. Measure spherical coverage of Random access preamble:

· 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:
· The spherical coverage requirement (percentile) is thus relative to the maximum radiatied power measured over the sphere to verify the omni-directinality of RACH. 
· This requirement is subject to an additional minimum requirement on the absolute power in the direction of the maximum that is conservative not to limit the antenna design.
3. Evaluate Msg2 reception in the direction of maximum radiated preamble power and a direction of radiated preamble power is MdB lower than the maximum radiated preamble power. 

· Evaluate the Random Access Response (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 M dB lower SSB transmission power than that required for reception of Msg2 in any direction for which the measured maximum radiated preamble power is power is below the 50th percentile of the distribution of radiated preamble power, where M is the difference between the maximum preamble power and that corresponding to the 50th percentile.  
The requirements are illustrated in Figure 1 that displays the simulated results of spherical coverage for the preamble transmission with a coarse beam. Pmax denotes the power in the peak direction, which is subject to an absolute power requirements that is lower than the power class. The relative spherical coverage performance (omni-directionality) is -6 dB at the 50th percentile. For this UE, the RAR performance in the peak direction should be at least 6 dB better than that in any direction below the 50th percentile of the spherical coverage CDF (a receiver “desense” in the latter directions).  
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Figure 1; spherical coverage for verifying preamble power and Msg2 reception.
Proposal 2: verify BC during intial access by measuring the relative spherical coverage and the correlation between PRACH power and msg2 detection capability.
The evaluation of Msg2 reception can be made in a sparse grid, which reduces the test time necessary for verifying BC. 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). 
Observation 1: the evaluation of Msg2 reception can be made in a sparse grid. The test time required for verifying the beam correspondace is therefore not excessive.
For verification of the RAR reception the AoA test configuration Setup 1 in 38.133 (Annex A3.15) can be used rather than Setup 3 as proposed originally [1], the DUT can be rotated from the maximum direction with beamlock activated to a direction for which the preamble power is below the 50th percentile.
Rather than using OTA Setup 3 as proposed originally [1], Setup 1 can be used for verifying BC with the random access msg1 and msg2 tested in different directions with beamlock sent to ensure the TX and RX beams are sufficiently correlated. 
Observation 2:Both OTA test setup 1 (single AoA) and OTA test setip 3 (two AoAs) from 38.133 are feasible for beam correspondace test in intial access.
2.2 The test configuration implemented in the 38.101-2

The test as proposed above would look like follows in the 38.101-2, the numbers here are just for illustration (the -6 dB tentative relative performance is taken from the example in Figure 1), 
< start of changes >

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 M dB lower SSB transmission power than that required for reception of Msg2 in [any] direction for which the measured maximum radiated preamble power is below the 50th percentile of the distribution of radiated preamble power over the full sphere with

M = MIN([10], Ppreamble,max – Ppreamble,50) dB
where Ppreamble,max and Ppreamble,50 are the preamble power measured at the peak and 50th percentile, respectively.
 The Random Access Response reception is considered successful once a Msg3 is transmitted. OTA-related test parameters for the msg2 measurement 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
	[-6]
	[10]

	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 1 
	As defined in A.3.15.2.1 in TS 38.133 in directions with preamble power below the 50th percentile (Table 6.2.5-1)

	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
	

	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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CMAX,

P

)
	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
< end of changes >
3 Proposal
We make the following

Proposal 1: beam correpondence for intial access is critical for system performance and is a SSB-only beam correspondence test. Therefore, it shall be completed within the Rel-16 WI “UE RF enhancement for FR2”. 

Proposal 2: verify BC during intial access by measuring the relative spherical coverage and the correlation between PRACH power and msg2 detection capability.
Observation 1: the evaluation of Msg2 reception can be made in a sparse grid. The test time required for verifying the beam correspondace is therefore not excessive.
Observation 2:Both OTA test setup 1 (single AoA) and OTA test setip 3 (two AoAs) from 38.133 are feasible for beam correspondace test in intial access.
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