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Introduction
The FR2 Beam Correspondence (BC) requirements introduced into the standard in RAN4#90 allow two categories of PC3 UEs to claim BC. The first category of UEs can meet EIRP spherical coverage and peak EIRP requirements using autonomous beams alone. Requirements are complete for this category. The second category of UEs has partial BC, and per agreement [1] there would be a requirement on the degree of shortfall. RAN4 has resolved to determine the requirements on the allowable shortfall on the back of a simulation effort.
In this contribution, we provide perspective on the tolerance allowed for some of the parameters that govern partial BC behaviour. We also share our preference for channel for power measurement.
Discussion
Factors that impact BC Performance
Broadly, BC performance is determined by the UE’s ability to pick an initial UL beam, given a certain DL beam. Notionally, the process would start with the UE ranking its available DL beams based on some metric like RSRP. It would then determine, based on internal algorithms, the UL beam that ‘pairs’ with the best DL beam. The pairing process can be prone to error if the paired beam is distorted enough from the shape expected by the UE based on its design and characterization.
RSRP error
RSRP error requirements are defined in the standard for some set of general conditions. In context of BC however, many of those contributing mechanisms do not apply, and considerable reduction of error can be realized. Some of the mechanisms that do not apply for BC test conditions are listed below:
· OTA uncertainty not a factor – need only beam-to-beam difference
· Only a fraction of available beams needs to be considered in the RSRP error estimate – the beams involved are limited to the ones the UE plans to employ for best EIRP performance
· DL SNR not a contributor – There is consensus in RAN4 that the UE must not be starved for DL power during BC verification
· Antenna panel to panel variation not a factor- This term is relevant only to UEs that use multiple antenna panels. There are link angles for which the UE must choose between different panels despite uncertainty associated with panel to panel variation. Our analysis shows that these ‘boundary’ directions represent points that much lower than the 50th%ile point, so this uncertainty does not contribute to RSRP during BC
· Gain variation across the band, and over temperature – BC is defined only for single CC case, which means that UL and DL beams are at the same frequency. Any gain variation across frequency in analog chains does not contribute to RSRP uncertainty. Temperature changes are expected to affect RSRP estimates across all beams similarly
Under these special conditions, we think the RSRP uncertainty is normally distributed inside a +/-1.8dB window.
Phase shifter error
For this parameter it is useful to revisit the physics of an array, and the nominal phase settings needed for a typical PC3 UE operation. We studied a simplified (idealized) 4x1 array. In this example we chose 7 uniformly-distributed beams to span a beam peak sweep of +/-45degrees from bore sight. Figure 2.1.2-1 shows the beam patterns of the beams in our example implementation, and the element to element phase progression to achieve the desired beam steering range.
[image: ][image: ]
Figure 2.1.2-1: Example implementation of swept beams in a 4x1 array.
The beam scan angle is determined by element-to-element phase progression. The required phase progression is smallest for the least canted beams on either side of the boresight beam – in this case it is about 45degrees of electrical phase for the beam direction to change 15 degrees of spatial angle. In our opinion it does not make sense to consider phase shifter errors that are comparable to the phase shifter setting change required for beam angle change, in a code-book based scheme. 
Element gain differences
Beam forming relies on spatial combining of fields from several radiating elements. Gain variation from element to element (includes LNA/PA gains, routing length differences, etc) can distort the beam. These effects are static however, they do not change from instant to instant, like say phase shifter error. This mechanism can be combated by characterization or other real-time strategies. In case it cannot, we recognize that uncertainty is limited to that of the gain on the PA/LNA connected to the antennas in the array. It is a reasonable expectation that these devices co-habit the same IC, and as such they expected to be limited only by the ability of the technology used. Modern processes will allow gain variation of similar parts in the same IC to be limited to a normally distributed window of +/1.5dB (this may be a generous allowance).
Which channel, to measure UL power?
[bookmark: _GoBack]For UEs with partial BC, it is expected that the SS would help refine the UL beam based on power measured for assigned SRS. While it would be convenient to simply re-use these power levels to determine best beam EIRP, we think it is important to exercise the PA with a proper PUSCH waveform. 
Proposal: UL power shall be measured on a PUSCH channel

Conclusion
We evaluated some prominent contributors to BC performance degradation and found that:
1. Under BC verification conditions, we think the RSRP uncertainty is normally distributed inside a +/-1.8dB window.
2. In our opinion it does not make sense to consider phase shifter errors that are comparable to the phase shifter setting change required for beam angle change, in a code-book based scheme. 
3. Modern IC fab processes will allow gain variation of similar parts in the same IC to be limited to a normally distributed window of +/1.5dB
For power measurement, we propose that UL power shall be measured on a PUSCH channel
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Example Beams from 4x1 Array
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