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1. Introduction
In last RAN4 meeting, the beam correspondence test methodology has been discussed and RAN4 did not reach any consensus on the test methodology of beam correspondence. So we provide some principle to decide beam correspondence test methodology.
· Basic principle: 
1) Satisfy the below definition of beam correspondence
· Beam correspondence definition in RAN1: 
· UE is able to determine a UE Tx beam for the uplink transmission based on UE’s downlink measurement on UE’s one or more Rx beams.
· UE is able to determine a UE Rx beam for the downlink reception based on TRP’s indication based on uplink measurement on UE’s one or more Tx beams.
2) The metric to choose the test methodology for beam correspondence is test simplicity to save the OTA test time
Based on above basic principle, RAN4 should decide how to specify the beam correspondence RF requirements. In this paper, we show our view how to define the simple test methodology for beam correspondence requirements at mmWave. 
2. Comparison of three test method for beam correspondence
2.1 Qualcomm proposal 
The beam correspondence requirement will be defined as below figure 1 and tested with the following procedure
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Figure 1. Mismatch between beams

Beam correspondence RF requirement will be defined the beam correspondence requirement as the maximum allowed mismatch between the best Tx beam (Red color beam yielding highest EIRP in a give direction) and the beam the UE chooses to transmit in the direction of the incoming DL signal.

1. UE picks the “corresponding beam” to the DL transmission, TE measures the UL power(UL Tx power should be set to maximum)
2. UE is configured to transmit UL signals on all other UL beams, TE measures the UL power on each 

3. TE compares the “corresponding beam” with the maximum measured over all the beams

If  “corresponding beam” is within the defined tolerance(e.g. 2 dB) then UE has beam correspondence
This test method need to UL beam sweeping for all beam directions around the corresponding beam to find best beam. But this is quite depend on how many Tx beams are generated or used on the patch antenna. Also test method is not clear about what and how many positions of the DUT are to be measured for EIRP deviation.
So proposer need to clarify the above questions to fine understanding. And some weak points are point out as below.
- Adjacent UE can be impacted by 2dB tolerance due to unmatched direction between Tx and Rx beam

- Not possible guarantee the beam correspondence when consider wider or isotropic beam at UE
2.2 LGE proposal 
As shown in Figure 2, this approach evaluate both the beam direction and power difference between received beam and transmitted beam. 
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Figure 2. Basic beam correspondence test with multiple measurement antennas
The requirement can be tested with the following procedure:

1. UE find best EIS beam direction such as detail azimuth and elevation position ((, ().
2. Test tolerance is calculated based on UE antenna pattern in Table 2 (in TR38.803 v15.0.0) equation as below
 E.g.) if tolerance is defined 2dB loss bandwidth of antenna pattern with 1x1 antenna configuration, then the allowed peak EIRP range is defined as (( ( 36(, (( 36()
3. UE configure to UL signals and TE measures the UL EIRP test on allowed test tolerance range at multiple measured Ant. including best beam direction.

4. Decide pass or fail based on finding best EIRP beam direction and EIS beam direction.

· Best Tx beam measured in middle Tx/Rx antenna, then passed, other case are failed.

Some companies comment this test methodology is quite complicated and has unclear points such as how to decide the antenna position. 
But this test methodology is not complicated because only pick the best EIS ((, () position similar to Qualcomm method, then beam direction tolerance and allowed peak EIRP direction range are just recorded in lookup table according to the UE antenna configuration. So when UE transmit the corresponding Tx beam, the TE measured one shot to find best beam. Then decide pass and fail.
2.3 MTK proposal 
In [3], they propose partial beam correspondence test method as below Figure 3. 
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Figure 3. Partial beam correspondence test by MTK
Figure 3 illustrates a conceptual EIRP test system where DUT is located at the center of a spherical chamber which can be freely rotated along the ( and  angles, and the test antenna is situated at a fixed center-top position of the chamber. 

For UE declaring “partial beam correspondence” capability, it would only rely on its own receiver to measure the reference beam direction from the tester (light-green beam in Figure 3) and use that information to direct its Tx beam (yellow beam in Figure 3) towards the tester antenna. No Tx beam sweeping is allowed during the EIRP test. The “partial beam correspondence” is verified if the test result meets the EIRP CDF requirements.

This test method is quite simple, however, also has some unclear points such how can find the best Rx beam without Rx beam sweeping? Or is there any allowed tolerance to meet the EIRP level from EIRP CDF recorded data.
Table 1 show the comparison of pros & cons among three test methodologies. 

Table 1: Pros & Cons between three test methodologies
	Test method
	Pros
	Cons

	[1] by Qualcomm
	- Align the beam correspondence definition

- For test time aspect, It will be required middle level test time
	- No EIRP CDF test time saving for UEs with beam correspondence capability as UL beam sweeping is always required.

- Not possible guarantee the beam correspondence when consider wider or isotropic beam at UE

	[2] by LGE 
	- Align the beam correspondence definition

- Evaluate difference of direction and power between Tx and Rx beam
	- Not simple test compare with MTK proposal

- Need to know UE ant. Configuration and adjust the antenna position

	[3] by MTK
	- UE implicitly verify by using the spherical coverage test
	- Can not differentiate “full” and “partial” beam correspondence

 - How can find best Rx beam without Rx beam sweeping?


Based on the above clarification point, RAN4 need further discussion and then RAN4 can decide the best test methodology based on the proposed basic principle in information session. 
Proposal 1. The test methodology for beam correspondence should be decided based on the proposed basic principle. 
· Basic principle: 
1) Satisfy the definition of beam correspondence
2) The metric to choose the test methodology for beam correspondence is test simplicity to save the OTA test time
Proposal 2. RAN4 need further discussion to decide test methodology and how to capture the RF requirements of beam correspondence. Then RAN4 will decide the related test methodology in this meeting.
3. Conclusion
In this paper we compare the pros & cons among three test methodologies of the beam correspondence requirements.. Based on our analysis we made the following proposals:
Proposal 1. The test methodology for beam correspondence should be decided based on the proposed basic principle. 
· Basic principle: 
1) Satisfy the definition of beam correspondence
2) The metric to choose the test methodology for beam correspondence is test simplicity to save the OTA test time
Proposal 2. RAN4 need further discussion to decide test methodology and how to capture the RF requirements of beam correspondence. Then RAN4 will decide the related test methodology in this meeting.
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