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1 Introduction
FR2 UE beam correspondence requirements and the associated test methods have been discussed in past few RAN4 meetings [2-4]. Though there was yet consensus reached on the test method, it is generally agreeable that EIRP can be a simple test metric to verify the beam correspondence which essentially would be characterized by the beam direction alignment between Tx and Rx signals [3]. Considering that in practical UE transceiver design where Tx and Rx RF signal paths are likely subjected to circuit mismatches, full beam correspondence may not always be achievable without a calibration mechanism which could leave a slight misalignment between Tx and Rx beam directions. In this contribution, we revisit the concept of “partial beam correspondence” as has been introduced in the past [5] to represent a separate UE capability where a slight misalignment between Tx and Rx beam directions is existent. The requirements of “full” and “partial” beam correspondence and the associated test methods are also proposed for future specifications development consideration.                    
2 Discussion
The advantage of having UE beam correspondence on reducing the UL beam searching time had been alluded in an earlier contribution [1] which was from network connection efficiency perspective. The same principle can also be applied towards the EIRP CDF measurement to save significant test time which is foreseen as a relatively time consuming process if UE needs to sweep every possible Tx beam direction to find its best beam in all spherical angles. On the other hand, it was also generally consented that if transmit and receive beam reciprocity can be maintained, EIRP CDF shall also represent the EIS spherical coverage and that would help save significant test time in EIS CDF characterizations [6].

The FR2 UE beam correspondence requirement and test methods have been discussed in past few RAN4 meetings [2-4]. Though there was yet consensus reached on the test method, it is generally agreeable that EIRP can be a simple test metric to verify the beam correspondence. In [2], it was proposed that beam correspondence can be indirectly verified by EIRP CDF if a UE can project its Tx beam direction based on measured Rx beam direction to meet the EIRP CDF requirements. In [3], it was proposed that the beam correspondence is verified by comparing the EIRP between the corresponding beam and the best beam found through beam sweeping in any arbitrary spherical angle. If the EIRP difference is less than 2 dB, beam correspondence can be declared. In [4], it was proposed that beam correspondence can be verified by comparing the Tx and Rx beam direction where only if the highest EIRP is measured in the same DL antenna among a set of test Rx antennas, the beam correspondence can be established. Table 2-1 summarizes the aforementioned test methods and their respective concerns.

While it is highly desirable to have “full beam correspondence” to achieve the best UE performance, it is often unattainable in practical UE transceiver design without a calibration mechanism where Tx and Rx RF signal paths are likely subjected to circuit mismatches which could leave a slight misalignment between Tx and Rx beam directions. If such beam misalignment is within an acceptable range where the corresponding Tx beam still meets the EIRP CDF requirement, it can also be a very useful UE capability from beam management point of view. Therefore it is quite sensible to define a separate UE capability of “partial beam correspondence” as had been introduced in [5].

	Contribution
	Test Method
	Concerns

	R4-1710897
	Based on EIRP CDF without UL beam sweeping.
	· Cannot differentiate "full" and "partial" beam correspondence.

	R4-1800731
	By comparing EIRP between the corresponding beam and the best beam found through beam sweeping in any arbitrary spherical angle. If the EIRP difference is less than 2 dB, beam correspondence can be declared. 
	· The corresponding beam EIRP could be 2 dB worse than EIRP CDF requirements.

· No EIRP CDF test time saving for UEs with beam correspondence capability as beam sweeping is always required.

	R4-1800547
	By comparing the Tx and Rx beam direction where only if the highest EIRP is measured in the same DL antenna among a set of test Rx antennas, the beam correspondence can be established.
	· The beam angle tolerance is antenna array configuration dependent.

· Need multiple Rx antennas in tester. 


Table 2-1 UE beam correspondence test methods proposed in past RAN4 meetings
Proposal 1: RAN4 to define a UE capability of “partial beam correspondence” with the basic criterion that the corresponding Tx beam would meet the EIRP CDF requirement.
To verify UE “partial beam correspondence”, the test method as initiated in [2] is proposed which is further elaborated below. 

Figure 2-1 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. 
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Figure 2-1 A conceptual EIRP test system
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 2-1) and use that information to direct its Tx beam (yellow beam in Figure 2-1) 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.
Proposal 2: UE “partial beam correspondence” is verified if the EIRP test result without Tx beam sweeping meets the EIRP CDF requirements. 
For UE passing the “partial beam correspondence” test, it can be further verified if the device has the “full beam correspondence” capability. The test procedure and passing criterion are proposed as below.

1. UE is positioned to the peak EIRP orientation based on the previously recorded EIRP CDF data.

2. UE Tx beam is swept within a small angle range (fine tuning beams) around the corresponding beam, as illustrated in Figure 2-2.

3. Tester records the highest EIRP value among all the fine-tuning beams.

4. Repeat step 2 and step 3 by positioning UE at the [x]% of EIRP CDF orientation, where [x] value would be determined by EIRP spherical coverage requirement.

5. If the highest EIRP value among all fine-tuning beams minus the corresponding beam EIRP value is less than 0.5 dB for both orientations, it is considered as passing the “full beam correspondence” requirement.     

Proposal 3: UE “full beam correspondence” is verified on top of “partial beam correspondence” based on the above test procedure and passing criterion. 
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Figure 2-2 A conceptual EIRP test system for “full beam correspondence” verification
It is our understanding that by introducing the UE “partial beam correspondence” capability which may be possessed by most of UEs would allow an additional flexibility in beam management by the network. With partial beam correspondence, UE only needs a narrow range of beam sweeping (beam fine-tuning) to find its best UL beam where the beam searching time can still be significantly less than that of full beam sweeping for UEs without any beam correspondence capability. For UEs with full beam correspondence, UL beam sweeping is essentially not required. The benefit of saving UL beam searching time for UEs with beam correspondence capability shall also be leveraged in EIRP CDF measurement and extended to cover EIS spherical coverage requirement to reduce the anticipated lengthy EIRP and EIS test time.      

3 Conclusion
In this contribution, we propose to define a separate UE capability of “partial beam correspondence”. The requirements of “full” and “partial” beam correspondence and the associated test methods are also proposed for future specifications development consideration.
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