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1. Introduction
In RAN #82, the way forward (WF) [1] on beam correspondence (BC) was agreed: for frequency range 2 (FR2) BC is now mandatory with capability signalling (UE feature 2-20) while beam management is optional with capability signalling (UE feature 2-30).

In this contribution, we paraphrase parts of the WF, list some of the BC tasks assigned to RAN4, discuss certain TDocs that were submitted in connection with the WF discussion and present our own observations related to these topics. We thus draw attention to the differences between beam correspondence and a more specific assessment of radiation performance similarity, pattern correspondence (PC). The contribution concludes by explaining the advantages of the latter with respect to the shortcomings of the former.
2. Background

Amongst other things, the WF [1] states: 

· RAN4 to define details of the beam correspondence tolerance requirements.
· Remove the contents of section 6.6.4 of the big CR to 38.101-2 in RP-182359.
· No change on the existing RAN4 agreement on minimum peak EIRP and spherical coverage requirements in TS 38.101-2 section 6.2.1.3.
· RAN4 to revise the test procedure for minimum peak EIRP and spherical coverage requirements so that the UE may rely on uplink beam sweeping during the test based on OEM declaration among the followings: 

· Using the downlink reference signals only;
· Using the downlink reference signals and uplink beam sweeping.
· RAN4 should specify the procedure and a single tolerance level for beam correspondence by RAN#84 as follows 

· For each of the test points in the grid, two EIRP should be calculated.

· EIRP1 is calculated based on the beam the UE chooses autonomously (corresponding beam) to transmit in the direction of the incoming DL signal. Procedure is based on what is described in section 5.2.1.3.7 of TR38.810 (R4-1816258) (no uplink beam sweeping is assumed).

· EIRP2 is the best EIRP (beam yielding highest EIRP in a given direction) which is based on UL beam sweeping or TE scan (RAN4 should specify the procedure how the best EIRP is defined and derived).

· Delta EIRP = EIRP2-EIRP1.
· The test grid points where beam correspondence is verified are the grid points where the UE meets the spherical coverage requirements as specified in 6.2.1.3 of TS38.101-2.
· The Delta EIRP CDF is obtained from the Cumulative Distribution Function (CDF) computed using Delta EIRP from all test points.

· For power class 3 UEs which support beam correspondence in a single FR2 band, the requirement is fulfilled if the UE’s corresponding UL beams satisfy the following conditions: [X]-percentile of delta EIRP CDF is no more than [Y] dB. RAN4 is to choose X between 80 and 100 by RAN #83 and Y by RAN #84.
3. Discussion
In this section, we draw attention to one TDoc that demonstrates the need for beam correspondence and two other TDocs that identify practical and implementational issues associated with the currently proposed definition of beam correspondence.
AT&T [2] presents results of 5G NR network acquisition simulations wherein a mobile device requires approximately 2 seconds at the 5th percentile without BC compared to 20 to 90 ms with. In addition to slower acquisition times, AT&T’s analysis shows how the lack of BC also affects link level data speeds and reduces network efficiency.
Observation 1: Beam correspondence reduces acquisition time substantially.

It is worth noting that in a 5G NR network operating at millimetre wave frequencies, the UE will need to frequently select or reselect new beams as it moves within the network. Similarly, when the UE is held or worn by the end user any head or body movements or repositioning of the UE relative to the direction of the gNB could result in the need for a new beam to be selected. Similarly, dynamic blocking effects between the gNB and the mobile device could also result in the (re-)selection of a new beam.

Oppo [3] warns that Tx and Rx beams will deviate in direction and strength especially for UEs with different Tx and Rx antenna configurations. It further states that such implementational constraints have not been considered in RAN4’s definition of peak EIRP and spherical coverage requirements.
Observation 2: Implementational constraints have not been fully considered in spherical coverage requirements.
Intel [4] describes that imperfect uplink/downlink beam reciprocity will occur in practical implementations due to impedance differences between the antennas, which is why the Tx beam pattern will not always be identical to the selected Rx beam pattern. Furthermore, the transmitter and receiver chains might use different phase shifter implementations, thus creating dissimilar Tx and Rx beam phases and pattern differences. In short, perfect reciprocity between UL and DL beam pairs cannot be taken for granted.

Observation 3: The use of dissimilar RF chains or antennas for transmission and reception will create differences between UL and DL beam pairs.

Currently, beam correspondence is said to exist when there is an acceptable level of similarity between the beams used for Tx and Rx. Now, since the similarity requirement is based on the statistics of two EIRP measurements (as described in the discussion section of this TDoc) and each of these measurements is in fact the result of a spherical process in which polarization and phase information is blended, beam correspondence fails to identify the following antenna pattern characteristics:
· The position, width, shape, polarization and phase of:

i. the main beam (main lobe);

ii. the auxiliary beams (sidelobes); and

iii. the pattern nulls.

It can easily be argued that any assessment of the similarity between two antenna patterns that excludes one or more of the above characteristics is less precise than one that includes them all. In order to make a more thorough assessment—or in other words to use pattern correspondence in preference to the currently defined method of beam correspondence—alternative antenna pattern measurement or processing techniques are required. 
Observation 4: Pattern correspondence offers a more complete assessment of antenna pattern similarity. 

4. Conclusion

In this contribution, we have summarized the recently agreed WF decision on beam correspondence and have examined some of the TDocs that were discussed with it. We have also identified some of the shortcomings of the currently proposed beam correspondence method and have argued in favour of thorough pattern measurements that enable pattern correspondence to be assessed more rigorously. 
Observation 1: Beam correspondence reduces acquisition time substantially.
Observation 2: Implementational constraints have not been fully considered in spherical coverage requirements.
Observation 3: The use of dissimilar RF chains or antennas for transmission and reception will create differences between UL and DL beam pairs.

Observation 4: Pattern correspondence offers a more complete assessment of antenna pattern similarity. 
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