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1 Introduction
In last RAN#82 meeting, WF [1] on beam correspondence was agreed. Based on the WF, beam correspondence is mandatory with the capability signaling. However, additional beam correspondence tolerance test is required depending on UE feature 2-20. In this contribution, we discuss general test procedure for beam correspondence test which is defined by new test metric. 
2 Beam correspondence UE
Based on the WF [1], there are two kinds of BC UE as follows:
· BC1_UE : UE that fulfills the beam correspondence requirement without the uplink beam sweeping
· UE feature 
· 2-20 : set the bit to 1

· 2-30 : optional

· Test requirement

· Req1 : minimum peak EIRP requirement

· Req2 : spherical coverage requirement
· BC0_UE : UE that fulfills the beam correspondence requirement with the uplink beam sweeping
· UE feature 
· 2-20 : set the bit to 0
· 2-30 : set the bit to 1 (mandatory)

· Test requirement

· Req1 : minimum peak EIRP requirement

· Req2 : spherical coverage requirement
· Req3: beam correspondence tolerance requirement
BC1_UE means that the UE itself can transmit uplink signal given downlink reference signal. In other words, the UE does not need any network assistance to transmit uplink signal with sufficient EIRP (larger than EIRP of minimum peak and 50%-tile spherical coverage). For the BC1_UE, the beam correspondence capability is verified if the UE passes the Req1 and Req2 tests.
BC0_UE represents that the UE has a (partial) beam correspondence capability but needs network assistance with uplink beam sweeping to pass Req1 and Req2. For the UE, additional requirement which is beam correspondence tolerance (Req3) should be met. If the UE can pass Req1 and Req2 without uplink beam sweeping, the UE feature 2-20 should be set to 1. 
3 Test procedure for beam correspondence 
3.1 BC1_UE
For Req1 and Req2 for BC1_UE, general test procedure would look like Figure 1. In each measurement grid point which is defined in TR38.810, Test System (TS) measures EIRP transmitted by the UE for given downlink RS direction. Then Req1 and Req2 could be tested.
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Figure 1 General test procedure for BC1_UE
3.2 BC0_UE
For BC0_UE, the beam correspondence tolerance requirement should be tested. The beam correspondence tolerance, delta EIRP, is derived by following terms [1]:

· EIRP1: calculated based on the beam the UE chooses autonomously (corresponding beam) to transmit in the direction of the incoming DL signal. Procedure is based on what is described in section 5.2.1.3.7 of TR38.810 

· No uplink beam sweeping is assumed

· EIRP2: the best EIRP (beam yielding highest EIRP in a given direction) which is based on UL beam sweeping or TE scan
· Delta EIRP = EIRP2-EIRP1
· The test grid points where beam correspondence is verified are the grid points where the UE meets the spherical coverage requirements as specified in 6.2.1.3 of TS38.101-2

Based on above agreements, the test grid points for delta EIRP is the grid points met by 50%-tile spherical coverage. Therefore, EIRP2 should be measured by full sphere measurement grid points to test Req1 and Req2, but EIRP1 need not be measured at full sphere measurement grid points to calculate delta EIRP. 
According to measuring sequence of EIRP1 and EIRP2, three possible test procedures for delta EIRP could be considered as shown in Figure2 ~ 4. 
Test procedure 1 (Figure 2)
At certain measurement point, TS measures EIRP2 which BC0_UE transmits uplink signal with uplink beam sweeping. If measured EIRP2 is larger than minimum EIRP at 50%-tile spherical coverage (e.x., 11.5dBm for n257 power class 3), TS measure EIRP1 which the UE itself transmits uplink signal given downlink RS direction without uplink beam sweeping, and delta EIRP is calculated. If the measured EIRP2 is less than minimum EIRP at 50%-tile spherical coverage, EIRP1 measurement is skipped by test grid points for delta EIRP agreement. Then, the same operation is performed at the next measurement grid point. After the EIRP2 and EIRP1 measurement for all measurement grid points are done, Req1~3 could be tested. 
To measure sequentially EIRP2 and EIRP1 in the same measurement grid point, the TS should set up the test configuration that BC0_UE can transmit uplink signal using uplink beam sweeping and given downlink signal direction. 
For example of assumption using SRS signal for uplink;

1 TS configures two SRS-ResourceSet for uplink beam management. 
A. In the first SRS-ResourceSet#0, TS does not configures spatialRelationInfo for SRS resources. 

B. In the second SRS-ResourceSet#1, TS configure spatialRelationInfo containing the ID of a reference ‘ssb-Index’ or ‘csi-Rs-Index’ for SRS resource.

2 BC0_UE transmits SRS signal with different Tx beams by SRS-ResourceSet#0 configuration. 
3 TS measures EIRP2 using SRS signal from ②, and TS can know which Tx beam is the best beam for BC0_UE.

4 TS measures EIRP1 using SRS signal by SRS-ResourceSet#1 configuration. 

A.  Since BC0_UE is configured with spatialRelationInfo containing the ID of reference downlink RS index, the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference downlink RS by TS38.214 specification.
Since EIRP1 is measured after measuring EIRP2, the UE can know which Tx beam is the best beam when the UE transmits uplink signal by EIRP2 measuring procedure. To avoid this situation, TS should not inform the UE of the best Tx beam index in ③ before finishing ④ process.
From the perspective of minimizing OTA test time, this test procedure is reasonable approach by reducing the number of measurement grid points.
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Figure 2 Test procedure 1 for BC0_UE (EIRP1 for limited measurement grid points according to EIRP2 condition)
Test procedure 2 (Figure 3)
Test procedure 2 considers separating the Tx RF tests (Req1 and Req2) and the beam correspondence test (Req3). TS measures EIRP2 using uplink beam sweeping for all measurement grid points, then Req1 and Req2 is tested. For the beam correspondence test, TS measures EIRP1 for 50%-tile spherical coverage map. The spherical coverage map is the measurement grid points met 50%-tile spherical coverage requirement by EIRP2 measurement. 

The same test configuration in the Test procedure 1 can be set. For Req1 and Req2, SRS-ResourceSet#0 can be used, and SRS-ResourceSet#1 can be set for Req3.
From the perspective of test measurement grid points, total number of measurement grid points for EIRP1 measurement can be reduced by using the restrict measurement grid points. However, since the TS has to be changed every measurement grid point to measure EIRP1, additional time could be required to rotate each measurement grid point.
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Figure 3 Test procedure 2 for BC0_UE (EIRP1 for limited measurement grid points using 50%-tile spherical coverage map)
Test procedure 3 (Figure 4)
From the test procedure perspective, test procedure 3 might be the simplest. For certain measurement grid point, TS measure EIRP1 first, then using uplink beam sweeping configuration, EIRP2 is measured. This operation is performed for all measurement grid points. 
The same test configuration in Test procedure 1 can be set. For EIRP1 measurement, SRS-ResourceSet#1 could be set, and SRS-ResourceSet#0 could be used for EIRP2.
Even though this test procedure 3 is the simplest, redundant EIRP1 measurement should be performed since the measurement grid points which are not met 50%-tile spherical coverage is considered.
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Figure 4 Test procedure 3 for BC0_UE (EIRP1 for full measurement grid points)
Based on observations above three test procedure, three test procedures are feasible to test beam correspondence tolerance requirement. However, since RAN4 should consider to minimize overall OTA test time, test procedure 1 is the best option.

- Proposal 1: RAN4 should consider to minimize OTA test time test to define beam correspondence test procedure. 
- Proposal 2: Prefer test procedure 1 for beam correspondence test.
4 Conclusion 
In this contribution, we provide our views on possible general test procedure for beam correspondence test, and we propose
- Proposal 1: RAN4 should consider to minimize OTA test time test to define beam correspondence test procedure. 
- Proposal 2: Prefer test procedure 1 for beam correspondence test.
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