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Introduction
In RAN4#88 meeting, Companies reached agreement on beam correspondence test methodology and was captured in WF [1]. In this contribution, we further analysis beam correspondence test methodology and provide our view on beam correspondence requirements for further discussion.
Discussion
An excerpt of the agreed WF [1] was pasted here for convenience.· The agreement for PC3: 
· 1st approach: Study this and solve identified possible issues in Rel16. How to address this is further discuss in this meeting. Also other approaches should not be precluded.
· 2nd approach: Specify this in Rel15
· For PC3, beam correspondence implies that both spherical coverage and minimum peak EIRP are met
· The following list of open issues were identified:
· Requirement for power classes different from PC3:
· How to handle the requirement for these power classes
· Assumption on DL signal:
· Option 1 (only SSB) vs. Option 2 (both SSB and CSI-RS)
· Polarization of DL signals
· SRS configuration:
· The link does not use any SRS configuration
· Testability:
· Implications of including beam peak in BC requirement and potential EIRP CDF measurement grid optimization
· UL polarizations:
· Whether the requirements shall be met with both UL polarizations active
· In RAN4 #88bis
· The open issues listed in slide 5 should be addressed
· A draft CR introducing the beam correspondence requirement in TS 38.101-2 should be approved

 
It was agreed that for PC3 UE, beam correspondence implies that both spherical coverage and minimum peak EIRP are met at least in Rel-15 specification.

· 2nd approach: Specify this in Rel15
· For PC3, beam correspondence implies that both spherical coverage and minimum peak EIRP are met

Since in Rel-15 the beam correspondence requirement is going to be verified by sperical coverage CDF and minimum peak EIRP, understanding the test procedure of the beam correspondence and test procedure for spherical coverage and minimum peak EIRP is crucial. It was also indentified in the WF that there were open issues that have to be addressed, one of them is related to testability. 

· Implications of including beam peak in BC requirement and potential EIRP CDF measurement grid optimization

This open issue shows that RAN4 has already realized that beam correspondence test has to be optimized to cover minimum peak EIRP and spherical coverage.

Revist Minimum Peak EIRP and Spherical CDF derivation 
Understanding the assmption of how to derive minimum peak EIRP and spherical coverage CDF requirements can help us define test procedure if not pratically but at least theoritically. 

The following table from [2] is used to derive minimum peak EIRP.
Table 1 Peak EIRP: derivation of nominal, tolerance, and minimum values
	Parameter
	Unit
	Nominal value
	Contribution to tolerance
	Nominal value
	Contribution to tolerance
	Comments

	Frequency range
	GHz
	24.25 - 29.5 GHz
	37.0 - 40.0 GHz
	 

	Pout per element
	dBm
	14.00
	 
	14.00
	 
	Nominal PA output power with standard deviation accounting for temperature, voltage, and process variation in conducted Tx power

	# of antennas in an array
	 
	4
	 
	4
	 
	Assuming array of patches

	Total conducted power per polarization
	dBm
	20.00
	-1.00
	20.00
	-1.00
	Contribution to tolerance accounts for temperature (extreme conditions), voltage, and process variation in conducted Tx power

	Average antenna element gain
	dBi
	4.00
	 
	4.00
	 
	Average peak element gain per polarization in the direction which achieves peak gain of a planar array

	Antenna roll-off loss versus frequency
	dB
	-2.00
	 
	-2.50
	 
	Accounts for frequency-dependent degradation in element gain and assuming the antenna covers both frequency ranges

	Realized antenna array gain
	dBi
	8.00
	 
	7.50
	 
	Calculated from # antennas, average element gain, and roll-off

	Polarization gain
	dB
	2.80
	 
	2.80
	 
	Accounts for non-ideal combining due to antenna isolation

	Mismatch and transmission line loss including load pull
	dB
	-2.00
	-0.60
	-2.20
	-0.70
	Array topology dependent, material dependent, transmission line design dependent; includes impact of load pull

	Beam forming loss (phase shifter and amplitude error)
	dB
	-0.25
	-0.25
	-0.25
	-0.25
	Phase shifter quantization and amplitude accuracy dependent

	Finite beam table
	dB
	-0.25
	0.00
	-0.25
	0.00
	Nominal value

	Beam forming loss (one beam table fits all)
	dB
	-0.25
	0.00
	-0.25
	0.00
	The time required to optimize the beam table for every unit will amount to many hours for each unit

	Form factor integration losses
	dB
	-4.00
	-2.00
	-5.00
	-2.00
	Losses due to integrating the antenna array within a form factor spanning a variety of potential placements and materials. Nominal and tolerance to be updated based on latest simulations and measurements

	Total implementation loss (nominal)
	dB
	-6.75
	 
	-7.95
	 
	Nominal value

	Total implementation loss (worst case)
	dB
	 
	-9.60
	 
	-10.90
	Worst case value

	Peak EIRP (Nominal)
	dBm
	24.05
	 
	22.35
	 
	Including Polarization Gain

	Tolerance (+/-)
	dB
	 
	3.85
	 
	3.95
	Difference between nominal and worst case

	Peak EIRP (Minimum)
	dBm
	20.20
	 
	18.40
	 
	Including Polarization Gain

	Peak EIRP (Maximum)
	dBm
	27.90
	 
	26.30
	 
	Including Polarization Gain



The following assumptions were made based on parameters in column 1 from table 1 when minimum peak EIRP was derived. Please note, parameters in column 1 were agreed and used by all companies to provide their own data in other columns.

1) UL beam forming is generated by coherenetly combining all 4 elements per polarization and futher power from both polarzations are combined.
2) Beamwidth is narrowest given antenna radiation pattern 
3) Minimum peak EIRP is at beam peak direction with consideration of the following Tx beam forming loss
a. Polarization gain loss comparing with 3dB ideal value
b. Beam forming loss from phase shifter and amplitude error, finite beam table, Beam forming loss from one beam table fits all.
So we can see that no consideration of Rx beam forming and beam correspondence.

Although the assumptions for minimum peak EIRP evaluations are clear, but the assumptions during the simulation campaign on how to derive EIRP values at 3D surface for spherical coverage CDF was not well defined [3,4]. We think it could be common sense during EIRP CDF simulation campaign that the EIRP value used for EIRP CDF at each spherical test point was the largest EIRP from the best Tx beam. The best Tx beam for a test point is the one who can generate larger EIRP at this test point than any other Tx beams assuming UE is stationary. Once EIRP values for all test points are acquired, ERIP CDF curve is able to be generated.

We believe during simulaion campaign for minimum peak EIRP and spherical coverage CDF, beam correspondence requirement was not under consideration, neither were beam corrrespondence requirements. 

Observation 1: During simulation compaign, the minimum peak EIRP and spherical coverge were derived without considerition of Rx beam forming and beam correspondence.

Beam correspondenceTest procedure
So for, in RAN4 the test procedure for beam correspondence requirements is not completely defined yet. But we think based on 2nd approach of beam correspondence requirements, the beam correspondence test procedure could be defined as follows:

During the test, UE (DUT) keeps stationary.
1) SS selects a new grid point, and sends DL beam to UE
2) Based on the DL beam measurement, UE picks UL beam based on its own beam correspondence mapping
a. During this step, UE has to sweep it Rx beams to determine the strongest Rx beam and then pick the corresponding UL beam based on beam correspondence design
3) SS measures the EIRP from UL Tx beam and records the EIRP result
a. If any recorded EIRP values including current one exceeds minimum peak EIRP requirement, then minimum peak EIRP requirement is met.
b. If among the grid points having been tested there are enough grid points with EIRP value not less than the spherical coverage (50 %-tile for PC3) required EIRP level, then spherical coverage requirement is met.
c. If either minimum peak EIRP requirement or spherical coverage requirement is not met, and there are still grid points not tested yet, go to step 1).
d. Else 
i. If both minimum peak EIRP and spherical coverage requirements are met, Stop and declare UE meets all requirements – beam correspondence, spherical coverage and minimum peak EIRP
ii. If all grid points have been tested, and both spherical coverage and minimum peak EIRP cannot be met, then UE fails the test.


It can be seen that the above test procedure for beam correspondence needs 1) SS sends DL beam pointing to UE at each grid point, 2) UE needs to sweeps it Rx beams instead of Tx beams (Tx beam selection is based on Rx beam sweeping and meaurement). These steps are different with the assumptions used to derive spherical coverage CDF and minimum peak EIRP since EIRP recorded at step 3) cannot guarantee to be the largest EIRP value from the best Tx beam which was assumed in simulation campaign. UE may fail the spherical coverage CDF and minimum peak EIRP test specified in the above test procedure due to the following facts:

1) Rx beam selections based on RSRP measurement have random error which cannot guarantee the best Rx beam. This, in turn,  leads to sub-optimal Tx beam.
2) Rx beam pattern and Tx beam pattern cannot guarantee to be the exact same such that even the best Rx beam is selected, selected Tx beam may not be the best to have largest EIRP at test grid point.

We have following observation.

Observation 2: Minimum peak EIRP and spherical coverage CDF performed under beam correspondence requirement test does not imply the assumptions used in deriving minimum peak EIRP and spherical coverage CDF during simulation campaign.
Further consideration of beam correspondence
To our understanding, there was no UL beam selection based on DL beam measurement in deriving minimum peak EIRP and spherical coverage CDF during simulation campaign. Since UE may fail spherical coverage CDF and minimum peak EIRP under beam correspondence test, we suggest some margin should be defined. We have following proposal.

Proposal 1:  If beam correspondence is verified by using spherical coverage and minimum peak EIRP requirements, margins should be considered to allow certain performance degradations. Margins should be defined in RAN#89 to finish the rel-15 specifications.

Furthermore, in previous discussion in sec 2.1, the beam is assumed to be formed by coherent combining of all 4 antenna elements from each polarization. This is the narrowest beam which can be formed. In the WF[1], another open issue is 
· Assumption on DL signal:
· Option 1 (only SSB) vs. Option 2 (both SSB and CSI-RS)
 
Our view is in order to select the best narrow Tx beam during beam correspondence test, The best Rx beam needs to be identified ( to provide more accurate estimate of AoA). Using both SSB and CSI-RS can provide more opportunities to fine-tune Rx beams to be optimal which in turn to get better Tx beam selection.

Proposal 2: For DL reference signal in beam correspondence test, both SSB and CSI-RS should be provided.

In all discussion above, we are talking about beam correspondence test with assumption that narrow beams are used. In test procedure, it is still not clear for each test point in spherical coverage test how much time is allowed for UE to fine-tune Rx beams (which in turn to generate Tx beams).  But intuitively, the time allocated for each test point should be long enough to support best Rx beam search and measurement. Otherwise, further performance degradation is expected.  In real operations, like measurement in mobility and RRM, UE needs to finish the measurement within limited time. This could be done by reducing the Rx beam candidates and/or forming ‘fat’ beams to increase angle spread, but it is unlikely for them to achieve same spherical coverage defined in current 38.101-2. We raise this issue for companies to have further consideration.

Observation 3: For mobility measurement and RRM, spherical coverage could be a potential issue.
Conclusion
In this contribution, we revisit assumptions used for deriving minimum peak EIRP and spherical coverage CDF during simulation campaign. We find beam correspondence requirements may potentially violate these assumptions. And also for measurement in mobility and RRM, there is still potential issue to reduce the spherical coverage. We provide following observations and proposals.

Observation 1: During simulation compaign, the minimum peak EIRP and spherical coverge were derived without considerition of Rx beam forming and beam correspondence.

Observation 2: Minimum peak EIRP and spherical coverage CDF performed under beam correspondence requirement test does not imply the assumptions used in deriving minimum peak EIRP and spherical coverage CDF during simulation campaign.

Observation 3: For mobility measurement and RRM, spherical coverage could be a potential issue.


Proposal 1:  If beam correspondence is verified by using spherical coverage and minimum peak EIRP requirements, margins should be considered to allow certain performance degradations. Margins should be defined in RAN#89 to finish the rel-15 specifications.

Proposal 2: For DL reference signal in beam correspondence test, both SSB and CSI-RS should be provided.
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