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1. Introduction

Whether a requirement for beam correspondence will be defined by RAN4 for NR [1] is currently a topic under discussion.  This contribution examines the existing proposals and provides Intel’s view on the topic.
2. Discussion

2.1 Background

The discussion regarding beam correspondence requirements in RAN4 was initiated during the RAN4 #85 meeting with the following agreement [2]:
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Three definitions of the requirement were proposed in [3], [4], [5] with the following agreements [6]:
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The Mediatek proposal in [3] is:
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The LGE proposal in [4] defines the requirement as
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The Qualcomm proposal in [5] defines the requirement as


[image: image5]
2.2 Proposed way forward
The Mediatek approach in [3] to verify beam correspondence implicitly via the spherical coverage test is preferred, since a UE which fails to correctly form UL beams based on DL measurements is expected to fail the spherical coverage requirement. In our understanding, this actually verifies beam correspondence under max output power conditions (i.e. the cell edge case).
Observation 1: The approach in [3] verifies the beam correspondence of a UE implicitly by using the spherical coverage test.

The LGE approach in [4] has proposed defining a metric for beam correspondence based on angular mismatch tolerance between best EIS and best EIRP directions in response to a downlink stimulus from a given angle.  Furthermore, this tolerance is a function of the UE antenna pattern assumed for coexistence simulations in TR38.803 [7].  Based on our understanding of the proposal, the following observations have summarized a number of issues with the proposal:
Observation 2: Allowing deviation of 36 degrees can pass a completely broken implementation: near bore-sight such large error in beam direction can easily get into a null or side-lobe.
Observation 3: Approach ignores side-lobes that exist also in theoretical perfect arrays, and even more with realistic antennas.
Observation 4: For angles close to the array end-fire a changing of 36 degrees may not correspond to a change of beam
Observation 5: Testing it is too complex (need to scan for peak EIRP and peak EIS many times) and prune to errors
The Qualcomm approach in [5] has proposed to define a tolerance value (in dB), which represents the acceptable deviation in EIRP between the beam which the UE picks (“corresponding beam”) in response to a DL signal and the maximum EIRP the UE is capable of transmitting in the same direction across all other beams.  Furthermore, a tolerance value of 2 dB was proposed.

Observation 4: The approach in [5] can be an acceptable requirement, provided it is defined at low DL signal strength conditions. The tolerance value itself needs to be defined based on a common understanding of a practical UE implementation.
From the system level point of view, a UE which supports beam correspondence should be able to correctly select its UL beam based on the measurement of the DL beam from the transmission reception point (TRxP).  Given this understanding, it should be sufficient to verify beam correspondence using the spherical coverage test.
Proposal 1: UE beam correspondence can be verified using the spherical coverage test, where we assume that the test equipment provides a DL signal to the DUT at the same angle as the measurement antenna for the UL signal. Although the approach proposed in [5] is an acceptable requirement, the added value of this test case has not been shown; thus, in the interest of test case reduction overall, the implicit verification of beam correspondence using the spherical coverage test is preferred. We further note that because it has not yet been agreed to define the spherical coverage requirement for FR2, it may be beneficial to consider alternative approaches.
2.3 Beam correspondence and open loop power control
Beam correspondence may also be verified during the open loop power control test we have proposed in [10].  We observe that beam correspondence is a necessary assumption, from the network point of view, during open loop power control.  Whereas during closed loop the network can issue corrections via TPC commands, during open loop the network relies on the UE’s ability perform three main actions: 1) to measure the DL signal, 2) to select the corresponding beam, and 3) to set the output power.  Thus, it makes sense to define a requirement on beam correspondence in conjunction with a requirement on open loop power control.
Proposal 2: The requirement on UE beam correspondence can be defined in conjunction with the requirement on open loop power control.

3. Conclusions

In this contribution we provided our views on beam correspondence in FR2 from the perspective of potential requirements which can be reused or defined anew in the RF specification.  We have made the following proposals:
Proposal 1: UE beam correspondence can be verified using the spherical coverage test, where we assume that the test equipment provides a DL signal to the DUT at the same angle as the measurement antenna for the UL signal. Although the approach proposed in [5] is an acceptable requirement, the added value of this test case has not been shown; thus, in the interest of test case reduction overall, the implicit verification of beam correspondence using the spherical coverage test is preferred. We further note that because it has not yet been agreed to define the spherical coverage requirement for FR2, it may be beneficial to consider alternative approaches.

Proposal 2: The requirement on UE beam correspondence can be defined in conjunction with the requirement on open loop power control.
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Agreement: Proposal 1


Proposal 1. The requirements for beam correspondence should consider the transmit and receive direction of signals. 





Conclusion: Pros and Cons for of mthod from Qualcomm and LGE will be compared in the next meeting.


Proposal for other approach is not precluded.





Proposal 1: Beam reciprocity should be guaranteed by UE design which can be verified by EIRP CDF measurement.


Proposal 2: mmWave UE REFSENS is defined only at EIS peak gain direction without needing additional CDF percentage points for spatial coverage verification.





UE find best EIS beam direction such as detail azimuth and elevation position ((, ().


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()


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.


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





The requirement defined based on Proposal 2 could be tested with the following procedure:


UE picks the “corresponding beam” to the DL transmission, TE measures the UL power(UL Tx power should be set to maximum)


UE is configured to transmit UL signals on all other UL beams, TE measures the UL power on each 


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
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