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1. Introduction
In RAN4#89 RAN4 reached agreement on the RF requirements for FR2 beam correspondence, for release 15 [1]. This agreement was however overturned outside RAN4, in RAN#82, and the beam correspondence requirement was changed to allow a second category of UEs to claim beam correspondence [2]. In this contribution we highlight some details of the new agreement towards ensuring a common understanding of these details. We also consider the expected timeline for resolution.
2. Discussion

The original RAN4 agreement [1] set the requirement for Beam Correspondence (‘BC’) as the ability of the UE to meet EIRP spherical coverage and peak EIRP requirements, using autonomously chosen UL beams. In the revised agreement [2], the requirement is tied to UE’s declaration of capability 2-20, also called beamCorrespondence in TS38.306. UEs that declare UE capability 2-20 as 1 (hence, ‘category1’) to indicate to the network that they do not need additional network resources to refine their UL beams, and meet EIRP spherical coverage, are considered BC compliant. 
Observation 1: Category1 UEs, i.e those UEs that would have met the original BC requirement, do not need new BC requirements. 

The new agreement however also allows a second category of UEs to claim beam correspondence. These UEs set UE capability 2-20 to 0, to indicate their inability to meet EIRP spherical coverage requirements without uplink beam sweeping. (‘category0’). 
Observation 2: Category0 UEs will meet EIRP spherical coverage requirements only after the network invests resources to help the UE refine its beams
Category0 UEs can exhibit degraded EIRP spherical coverage based on autonomous beams, relative to its capability based on its best beams. The requirement for these category0 UEs applies to the degree of allowable relaxation in EIRP performance. The requirements unique to category0 UEs are reproduced further below from [2]:
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Some details in the definition of BC requirements above could benefit from discussion in RAN4. We address these specific items in subsections below. Timeline aspects are also discussed.
Procedure to Determine Best EIRP
In observation 2, we noted that UL beam refinement in category0 UEs comes at the expense of network resources. These network resources take the form of SRS opportunities allocated to the UE. If the network chooses not to indulge the UE with UL beam refinement SRS resources, it will have to make do with an underperforming UE. If, on the other hand, the network chooses to maximize a UE’s UL performance, it will have to expend resources for beam refinement. This type of compromise is easier to work through in real time if there is a guarantee that beam refinement network resources are usefully spent.
Question 1: What is the upper bound ‘N’ of allowable SRS opportunities that a ‘category0’ UE can use to achieve best beam in any direction?
We also acknowledge the need to establish the mechanics of how this performance is
Test Grid Points to Evaluate EIRP Statistics
EIRP spherical coverage requirement is a mandate for a UE to demonstrate in some fraction of directions around it, some minimum level of EIRP. In the WF [2], the specific quantity used to quantify EIRP spherical coverage is ‘EIRP2’. For example, in a PC3 UE designed to support single band operation in n261, the requirement mandates that EIRP in at least 50% of all possible test directions exceeds the spherical coverage power requirement of 11.5dBm. A compliant UE may have, say, 60% of test directions that exceed 11.5dBm. Since the spherical coverage requirement is only for the 50th%ile point, we do not need all the top 60% directions to determine compliance. i.e. The minimum sample set required to verify compliance is a subset of directions that exceed the power requirement. This subset would contain at least 50% of the set of all directions, as required by the spherical coverage requirement. 
Observation 3: The sample space for running EIRP statistics must include the minimum subset of grid points that allows one to verify EIRP spherical coverage compliance.
EIRP CDF
The EIRP concept was introduced to capture degree of degradation of EIRP spherical coverage when restricted to autonomous beams. In [2], the BC requirement applies to category0 UEs as a requirement on the CDF of EIRP. The sample space is limited to the ‘minimum subset’ as noted in Obs. 3. Unfortunately, the CDF of EIRP can obscure the true nature of the spherical coverage degradation.
To illustrate this problem, we started with a typical coverage pattern from best beams. We then manipulated this coverage by artificially injecting differing amounts of degradation. The degradation was applied as a mask to the best beam coverage.
Mask1 causes 1dB of max degradation along peak direction, and degradation reduces to zero along the 50th%ile direction. More importantly, the ‘tail’ of the CDF is not different from that of the best beam CDF.

Mask2 on the other hand causes progressive degradation in EIRP, with peak EIRP remaining unaffected, and degradation increasing to 1dB along the 50th%ile direction, and 2dB along the worst direction. In this CDF, all points but the peak are degraded. 

Fig 2.3-1 shows CDF of best beam coverage, and CDFs of the differently degraded spherical coverages.
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Figure 2.3-1: CDF Comparison of Best Beam Coverage and Differently Degraded Coverage
As one would expect, the network impact due to UEs with coverages as described in figure 2.3-1 are different; Mask2 has much worse impact than Mask1. It is illustrative to study the EIRP CDFs of the two patterns of degraded coverage in our example, shown below in figure 2.3-2.. 
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Figure 2.3-2: CDF Comparison of EIRP due to Example Degraded Coverages

Observation 4: Different spherical coverage degradations can map into the same EIRP CDF
This example highlights the fact that a given EIRP CDF can represent many different types of coverage degradation, and by extension, UEs with significantly differing network impact. It behoves network planners to assume the worst ramification on spherical coverage, for a given EIRP CDF. This strategy in turn may severely limit the range of allowable degradation in spherical coverage. 

An alternative strategy would be to identify the specific mechanisms that may cause spherical coverage degradation using autonomous beams. The mechanisms may help bound the range of coverage degradation for a given EIRP CDF. The allowable degradation limit can be more meaningful, as a result.
Observation 5: A requirement on EIRP statistics may be more meaningful if specific mechanisms of degradation are identified.
 ‘In Single FR2 Band’

UE capability 2-20 is a band-specific declaration. We take this to mean that a UE may choose to either declare a ‘0’ or a ‘1’ depending on band. Ergo, this requirement must be evaluated separately on each supported band of the UE, depending on its choice of support of 2-20.
Observation 6: The BC requirement applies separately per supported band

Work plan
The general expectation of RAN4 is to complete requirement definition of  ∆EIRP CDF by RAN#84, June 2019. RAN4 has 3 meetings to agree the requirement, RAN4#90, RAN4#90Bis and RAN4#91.
Proposal 1: We propose the schedule in Table 2.5-1 for completion of BC requirement definition.
Table 2.5-1 Work plan for EIRP
	Meeting
	Item to be Completed
	Notes

	RAN4#90
	1. Agree on requirement for beam correspondence in the form of a draft CR addressing section 6.6 of TS38.101-2

2. Agree on mechanisms that can cause degraded coverage using autonomous beams for UE that sets FG 2-20 to zero.
	Framework can retain X and Y parameters in undefined form

	RAN4#90Bis
	1. Interested companies to bring simulation and/or analysis results on amount of degradation leading up to non zero EIRP
	

	RAN4#91
	1. Refine analysis and/or simulations and conclude values for ∆EIRP
2. Agree CR to complete X and Y
	


3. Conclusion
We evaluated the revised agreement on requirements for Beam Correspondence to find that two categories of UEs are now able to claim BC. These categories (1 and 0) are determined by the UE’s declaration of support for capability 2-20. We went on to identify certain aspects of the agreement that would benefit from discussion in RAN4, and made the following observations.
Observation 1: Category1 UEs, i.e those UEs that would have met the original BC requirement, do not need new BC requirements. 

Observation 2: Category0 UEs will meet EIRP spherical coverage requirements only after the network invests resources to help the UE refine its beams

Observation 3: The sample space for running EIRP statistics must include the minimum subset of grid points that allows one to verify EIRP spherical coverage compliance.

Observation 4: Different spherical coverage degradations can map into the same EIRP CDF

Observation 5: A requirement on EIRP statistics may be more meaningful if specific mechanisms of degradation are identified.
We posed a question pertaining to UL beam refinement:

Question 1: What is the upper bound ‘N’ of allowable SRS opportunities that a ‘category0’ UE can use to achieve best beam in any direction?

We hope the discussion helps establish a common understanding on the details of the new BC agreement handed down to RAN4.
Finally, we proposed a timeline for completion of requirement definition,. 
Proposal 1: We propose the schedule in Table 2.5-1 for completion of BC requirement definition.
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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 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 to choose X between 80 and 100 by RAN#83  


RAN4 to choose Y by RAN#84


The presence of both SSB and CSI-RS signals is assumed and Type D QCL is maintained between SSB and CSI-RS.


The presence of both SSB and CSI-RS signals is defined in either RAN4 or RAN5 specs. 
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