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1 Introduction
FR2 UE beam correspondence requirement and the associated test methods have been discussed in past few RAN4 meetings [2-13]. Though there was yet consensus reached on the test method, a way forward [13] in RAN4 #86bis meeting has captured the agreements that the beam correspondence requirement should be only based on UE Tx EIRP measurements and the requirement definition will be further discussed based on the following two approaches, though other approaches also not precluded.

1st approach: Define the beam correspondence requirement based on an EIRP tolerance between the best Tx beam and the Tx beam selected based on DL measurements.
2nd approach: Define the beam correspondence requirement based on EIRP CDF requirements. In this case, the correspondence is defined based on passing the EIRP CDF requirements without UL Tx beam sweeping.
In last RAN4 meeting, a draft CR for FR2 UE beam correspondence requirement based on the principle of the above 2nd approach was nearly agreed for Rel-15. Unfortunately the effort fell short in the end due to a disagreement in the wording which adversely left no UE beam correspondence requirement defined in Rel-15 specifications.      

Considering that FR2 UE beam correspondence requirement is vital for both UE implementation and network operation, RAN4 shall strive to finalize this requirement for Rel-15 in this meeting. As a continual effort on driving the FR2 UE beam correspondence requirement, in this contribution, we resubmit our paper not presented in last meeting [14] to provide our further views on these two approaches and propose to adopt the second approach as the definition of FR2 UE beam correspondence requirement.                                
2 Discussion
Prior to diving into the detailed discussions on the beam correspondence requirement definition, we would like to emphasize that the EIRP CDF is the most fundamental requirement which all FR2 UEs need to be compliant with, no matter if they have beam correspondence capability or not. This is the requirement which network would expect and depend upon for minimum UL range coverage. Therefore, there should not be different EIRP CDF requirements for UEs with and without beam correspondence     
Observation 1: EIRP CDF is the most fundamental requirement which all FR2 UEs need to be compliant with, no matter if they have beam correspondence capability or not.
Observation 2: There should not be different EIRP CDF requirements for UEs with and without beam correspondence.
The second approach for defining the beam correspondence requirement based on EIRP CDF requirement, as has been proposed in past RAN4 meetings [2,5,9], is to basically align with the above two observations. The merit of combining UE EIRP CDF measurement with power class, spherical coverage, and beam correspondence verifications lies in that for UEs with beam correspondence capability, the EIRP CDF characterization time can greatly be saved as they do not need UL beam sweeping to find the best beam with highest EIRP which may require a lengthy handshaking process with tester for every beam being swept.
The criticism for this approach has been that by meeting the EIRP CDF requirement only does not always guarantee that the UL beam would be aligned with the DL beam direction. A UE may have a relatively high output power such that even with some amount of the UL and DL beam misalignment, it still meets the EIRP CDF requirement. The concern with this kind of UE implementation is that its beam peak may be pointed to other spatially separated cells to cause inter-cell interference. However, since the beam peak EIRP would be constrained by the maximum TRP limit and the number of antenna elements, it can be expected that for the corresponding UL beam to meet the EIRP CDF requirement, the UL beam direction shall not deviate much from the DL beam. And this means that having the corresponding UL beam meeting the EIRP CDF requirement has indirectly verified the UE beam correspondence. (Notice that the “corresponding UL beam” is the UL beam selected by UE based on its DL beam direction measurement) 

It should also be noticed that the aforementioned beam misalignment issue may also exist even with UE’s best UL team found through full beam sweeping, which could be due to the finite beamforming granularity, as illustrated in Figure 2-1.
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Figure 2-1 Misalignment between best UL beam and DL beam due to finite beamforming granularity
Now coming to the first approach for defining the beam correspondence requirement, it is understandable that the proponent would like to introduce an “EIRP tolerance” to indicate that within this tolerance, the UL and DL beam direction would be close enough to be quantified as with beam correspondence. However, the concern with this approach is that the proposed “EIRP tolerance” is relative to the so-called “best UL beam” which is found through full UL beam sweeping. There is no indication on how well the corresponding UL beam would be aligned with the DL beam. As illustrated in Figure 2-2, although the corresponding UL beam EIRP can be within the “X” dB tolerance from the best UL beam, it could further deviate away from the DL beam direction. 
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Figure 2-2 Potential deviation between corresponding UL beam and DL beam in the first approach
The other concern with the first approach is that while the best UL beam found through full beam sweeping should meet the EIRP CDF requirement, it could not ensure that the corresponding UL beam also meets the EIRP CDF requirement as the corresponding UL beam EIRP can be up to “X” dB lower than the EIRP CDF requirement due to the tolerance. This approach is essentially defining two EIRP CDF requirements, one for “best UL beam”, and the other for “corresponding UL beam”. However, if UE has been qualified as with beam correspondence capability for being able to meet the “X” dB tolerance requirement, in real operation, only the corresponding UL beam EIRP performance would be realized, which could be up to “X” dB worse than EIRP CDF performance expected by the network. This also poses another issue that in first approach all UEs are subjected to lengthy full beam sweeping process to obtain the “best UL beam” EIRP CDF performance which may never be realized by the network if the UE is later verified to meet the “X” dB beam correspondence tolerance requirement and would only operate with corresponding UL beam. Therefore, having UEs with beam correspondence capability to run through the time-consuming full beam sweeping process to obtain the “best UL beam” EIRP CDF does not seem to be quite meaningful as such “best UL beam” performance would not be always observed by the network. Also if beam correspondence would become a mandatory UE feature, it would render the full beam sweeping EIRP CDF process as redundant.

Summarized below are our observations for the concerns with the first approach.

Observation 3: In first approach, the proposed “EIRP tolerance” is relative to the so-called “best UL beam” which is found through full UL beam sweeping. There is no indication on how well the corresponding UL beam would be aligned with the DL beam.
Observation 4: In first approach, it could not ensure that the corresponding UL beam also meets the EIRP CDF requirement as it can be up to “X” dB lower than the EIRP CDF requirement due to the tolerance.      

Observation 5: In first approach, having UEs with beam correspondence capability to run through the time-consuming full beam sweeping process to obtain the “best UL beam” EIRP CDF does not seem to be quite meaningful as such “best UL beam” performance would not be always observed by the network. 
Observation 6: In first approach, if beam correspondence would become a mandatory UE feature, it would render the full beam sweeping EIRP CDF process as redundant.
Based on the above assessment, we think the second approach for defining the beam correspondence requirement can not only ensure the “corresponding UL beam” to meet the EIRP CDF requirement, it also leverages the advantage of beam correspondence in saving the UL beam sweeping time as desired by the network operation [1] to as well simplify and shorten the EIRP CDF characterization process. Therefore, we would like to reiterate our proposal as presented in [9] by defining the beam correspondence requirement as the “corresponding UL beam” passing the EIRP CDF requirement.

Proposal: Beam correspondence requirement is defined as the “corresponding UL beam” passing the EIRP CDF requirement.          

3 Conclusion
In this contribution, we provide our further views on UE beam correspondence requirement and propose to define beam correspondence requirement as the “corresponding UL beam” passing the EIRP CDF requirement. We would also like to support the company CR presented in RAN #80 meeting [15] as the official definition of FR2 UE beam correspondence requirement in Rel-15. 
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