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1. Introduction
This document provides considerations of test points selection of 6.6 Beam Correspondence in NR FR2.
2. Discussion

Following subclauses introduce study for test environment, test frequencies, test bandwidth, test subcarrier spacing and uplink configuration aspects. 
The beam correspondence in NR FR2sections 6.2.1.3 and 6.6 in TS 38.101-2 [1] as follows:
6.2.1.3
UE maximum output power for power class 3

The following requirements define the maximum output power radiated by the UE for any transmission bandwidth within the channel bandwidth for non-CA configuration, unless otherwise stated. The period of measurement shall be at least one sub frame (1ms). The requirement is verified with the test metric of total component of EIRP (Link=Beam peak search grids, Meas=Link angle). The requirement for the UE which supports a single FR2 band is specified in Table 6.2.1.3-1. 

Table 6.2.1.3-1: UE minimum peak EIRP for power class 3

	Operating band
	Min peak EIRP (dBm)

	n257
	22.4

	n258
	22.4

	n260
	20.6

	n261
	22.4

	NOTE 1:
Minimum peak EIRP is defined as the lower limit without tolerance

NOTE 2:
Void


----------------------- Some sections are missing that are not relevant ----------------------

The minimum EIRP at the 50th percentile of the distribution of radiated power measured over the full sphere around the UE is defined as the spherical coverage requirement and is found in Table 6.2.1.3-3 below. The requirement is verified with the test metric of the total component of EIRP (Link=Beam peak search grids, Meas=Link angle). The requirement for the UE which supports a single FR2 band is specified in Table 6.2.1.3-3. 

Table 6.2.1.3-3: UE spherical coverage for power class 3

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

	n257
	11.5

	n258
	11.5

	n260
	8

	n261
	11.5

	NOTE 1:
Minimum EIRP at 50 %-tile CDF is defined as the lower limit without tolerance

NOTE 2:
Void

NOTE 3:
The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1.


6.6
Beam Correspondence
6.6.1
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 signals and Type D QCL is maintained between SSB and CSI-RS.

6.6.2
Beam correspondence for power class 1

6.6.3
Beam correspondence for power class 2

6.6.4
Beam correspondence for power class 3

6.6.4.1
General

The beam correspondence requirement for power class 3 UEs consists of three components: UE minimum peak EIRP (as defined in Clause 6.2.1.3), UE spherical coverage (as defined in Clause 6.2.1.3), and beam correspondence tolerance (as defined in Clause 6.6.4.2).  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 [14]:

-
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 [14].

6.6.4.2
Beam correspondence tolerance for power class 3 

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 6.6.4.2-1.

Table 6.6.4.2-1: UE beam correspondence tolerance for power class 3

	Operating band
	Max ∆EIRPBC at 85th %-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


6.6.5
Beam correspondence for power class 4
2.1. Test Environment

For FR2 the testing, RAN4 agreed that beam correspondence tolerance core requirements should be defined under normal temperature conditions (NTC), which is captured in the TS 38.101-2 Table 6.6.4.2-1 that the requirement is defined and verified under NTC, which is followed for beam correspondence (BC) test in FR2.
Proposal 1: Define Test Environment as ‘Normal’ for beam correspondence in NR FR2 testing.
2.2. Test Frequencies
In NR, the UE maximum output power – spherical coverage test defined for UE spherical coverage for power class 3 selected test frequencies low range, mid range, and high range for testing. Therefore, the same approach can be adopted for beam correspondence in NR FR2 testing.
Proposal 2: Test the Low, Mid, High frequencies for beam correspondence in NR FR2 testing.
2.3. Test Subcarrier Spacing

For FR2, at RAN5#83 the SCS was changed from 60 kHz SCS to 120 kHz SCS for UE maximum output power – spherical coverage testing [2]. It was based on the fact that the minimum requirements for test case 6.2.1 were updated in TS 38.101-2 [1]. The 120 kHz SCS value can be applied for the beam correspondence in NR FR2.
Proposal 3: Select 120 kHz SCS supported for beam correspondence in NR FR2.
2.4. Test Channel bandwidth
For FR2, at RAN5#83 meeting the test point was changed from 100 MHz to lowest, highest test channel bandwidth for UE maximum output power – spherical coverage testing [2], which can be followed for the beam correspondence in NR FR2

Proposal 4: Select lowest and highest test channel bandwidth for beam correspondence in FR2.
2.5. RB allocation selections
For FR2, at RAN5#83 meeting the test point was changed from Outer_Full to Inner_Full RB allocation for Uplink Configuration RB allocation parameter for UE maximum output power – spherical coverage testing [2], which can be followed for beam correspondence in FR2 testing.
Proposal 5: Select Inner_Full allocation for beam correspondence in NR FR2.
2.6. Modulation scheme selections

For RF2, DFT-s-OFDM QPSK was selected UE maximum output power – spherical coverage testing. The same approach can be adopted for beam correspondence in NR FR2 testing.

Proposal 6: Select DFT-s-OFDM QPSK for beam correspondence in NR FR2.
2.7. Beam correspondence tolerance
The beam correspondence tolerance requirement is defined over the link angles “corresponding to the top Nth percentile (e.g., N=50 for power class 3 DUT) of the EIRP2 measurement over the whole sphere”. 
Observation 1: RAN4 still need to define the test condition (SNR level) for beam correspondence tolerance in NR FR2.
When the UE’s beam correspondence capability is set to bit-1, the UE only need to meet the minimum peak EIRP requirement (e.g., for power class 3) and spherical coverage requirement (e.g., for power class 3) with its autonomously chosen UL beams and without uplink beam sweeping. Such a UE is considered to have met the beam correspondence tolerance requiremnets.

When the UE’s beam correspondence capability is set to bit-0, the UE need to meet the minimum peak requirement (e.g., for power class 3) and spherical coverage requirement (e.g., for power class 3) with uplink beam sweeping. Such a UE shall also meet the beam correspondence tolerance requirement (e.g., for power class 3) and shall support uplink beam management.
The beam correspondence tolerance requirement ΔEIRPBC for power class 3 UEs is defined based on a percentile of the distribution of ΔEIRPBC. ΔEIRPBC is introduced for beam correspondence tolerance based on two EIRP measurements (EIRP1 and EIRP2). ΔEIRPBC = EIRP2 – EIRP1, which is defined over the link angles spanning a subset of the spherical coverage grid points. 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 [1] clause 6.2.1, e.g., N=50 for power class 3 DUT.
For each of the points in the grid:

1)
Follow the test procedures specified in TR 38.810 [3], subclause 5.2.1.3.7 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 TR 38.810 [3], subclause 5.2.1.3.7, 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 
Beam correspondence tolerance for power class 1, 2 and 4 is not defined in RAN4. Currently, RAN4 doesn’t have any conclusion or even input for beam correspondence requirements for other power classes. Based on RAN4 feedback, Rel-15 scope will only include power class 3. In regards to Rel-16 scope, beam correspondence in power class 1, 2 and 4 this may still be discussed in RAN4.
Proposal 7: The beam correspondence tolerance test in NR FR2 only covers power class 3 DUT.
2.8. Side Conditions for Beam Correspondence

The side condition for SSB and CSI-RS are TBD in RAN4. Nevertheless, RAN4 will specify SNR side conditions.
2.9. Number of Test Points

Based on above proposal, the total test points are tabulated below:
Table 2.9-1 Total test points of Beam Correspondence
	Environment

conditions
	Test Frequencies
	Test ChBW
	Test

SCS 
	Total Test Points

	1
	3
	2
	1
	6


3. Conclusion
In conclusion, the following selection of test points have been proposed for beam correspondence in NR FR2.
Proposal 1: Define Test Environment as ‘Normal’ for beam correspondence in NR FR2 testing.
Proposal 2: Test the Low, Mid, High frequencies for beam correspondence in NR FR2 testing.
Proposal 3: Select 120 kHz SCS supported for beam correspondence in NR FR2.
Proposal 4: Select lowest and highest test channel bandwidth for beam correspondence in FR2.
Proposal 5: Select Inner_Full allocation for beam correspondence in NR FR2.
Proposal 6: Select DFT-s-OFDM QPSK for beam correspondence in NR FR2.

Observation 1: RAN4 still need to define the test condition (SNR level) for beam correspondence tolerance in NR FR2.
Proposal 7: The beam correspondence tolerance test in NR FR2 only covers power class 3 DUT.
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