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Introduction
In RP#82 meeting, a WF on beam correspondence [1] was approved to further study beam correspondence requirements and test procedure. In this contribution, we present our view on beam correspondence requirements.
Discussion
Beam correspondence requirements have been discussed for several meetings. RAN Plenary decided beam correspondence (UE feature 2-20) is mandatary with capability signaling [1]. 

We first present our understanding to WF and then present our result to the beam correspondence requirements.  

Beam correspondence capability signalling
It is our understanding that beam correspondence (UE feature 2-20) is mandated. However, UE is allowed to reply on uplink beam sweeping to meeting the EIPR requirements. For UE with beam correspondence capability signalling = 1, beam correspondence requirement 1 and 2 shall be met without assistance from uplink beam sweeping, requirement 3 is considered to be met automatically without being tested. For UE with beam correspondence capability signalling = 0, it should rely on both beam correspondence and uplink beam sweeping to meet requirement 1, 2 and 3; If no uplink beam sweeping is configured, the UE is not required to meet requirement 1 and requirement 2. Requirement 3 is introduced to quantify the EIRP gain by implementing uplink beam sweeping. 

Test grids selections for tolerance requirement (requirement 3)
In WF, test grid point for requirement 3 is defined as

· 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

It is our understanding that the referred test grid point selection should base on EIRP2 values. The test grid points with EIRP2 less than spherical coverage requirement should be discarded and should not be used in Delta EIRP calculations.

Simulation parameter setup
In the simulation setup, the test procedure defined in our accompanying contribution [2] was followed and provided here for reader’s convenience. 



For each (quantized) angle on the sphere:
1. Rotate UE towards that angle regarding to Test Equipment (or vice versa)
2. After rotation completed, provide N_dlmeas downlink measurement opportunities to determine best Rx beam.
a. SSB burst periodicity = 20ms, N_dlmeas = [20]
b. CSI-RS periodicity = 20ms, same density with SSB block
c. Downlink measurements single power level Rx_EIRP shall be set
	Rx_EIRP = EIS50% + SNR - SNRREFENSES
Where 
Rx_EIRP - Required EIRP power level at UE antenna 
EIS50% - 50%-tile EIS spherical coverage value for PC3 UE
SNR   - Required receive SNR = 20dB
SNRREFENSES = -1dB 
3. After downlink measurement is completed, UE determines Rx beam based on max RSRP
4. UE selects corresponding Tx beam to the selected Rx beam in step 3 based on beam correspondence and transmits SRS
5. TE measure EIRP1
6. TE provides UE with additional N_ulbeams SRS resources with the same frequency allocation and port configuration
7. UE transmits N_ulbeams beams using these SRS resources (UL beam sweeping)
8. TE measures all N_ulbeams beams. EIRP2 is the max (EIRP1, maximum EIRP of these N_ulbeams  beams).
9. Compile [angle, EIRP1, EIRP2] determined using above procedure
10. Sort data based on EIRP2
End // for each angle on sphere
11. Eliminate data where EIRP2 doesn’t meet spherical coverage requirement (Rest of the steps use only the remaining data)
12. Get Delta EIRP = EIRP2-EIRP1 (dB) for remaining data
13. Sort Delta EIRP (dB)
14. Pick the [X]-percentile value, compare it against [Y] dB

Performance requirements
It is well known that in real implementation, Tx beam pattern not always identical with the selected Rx beam pattern. This can be due to the fact that mutual coupling effects between antennas causes differences in Tx and Rx beam patterns and Tx and Rx may use different physical phase shifter implementations, causing Tx and Rx beam phase/pattern mismatch. Perfect reciprocity between UL and DL beam pairs cannot be taken for granted.

To simplify the analysis, in the simulations, mismatch model considers the following aspects
1. antenna element mismatch, e.g. phase and amplitude mismatch
2. feedline mismatch
3. phase shifter mismatch, e.g. limited granularity and error

In addition, N_ulbeams = 16 is assumed for uplink beam sweeping to identify EIRP2 in the simulations. It can be well-understood that the Y value at given X%-tile is also the function of N_ulbeams.

Based on WF, the requirement 3 is defined:
 
· 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

This is a requirement for PC3 UEs supporting single FR2 band. Please note, for UEs supporting multi-band in FR2, X and Y values need FFS. We have following observations from our simulation results.

Observation: At 80%-tile, delta EIRP is 3 dB, at 90%-tile, delta EIRP is 4 dB.

We propose the following requirement for requirement 3.

Proposal: For power class 3 UEs in single FR2 band with beam correspondence capability signaling set to 0, the delta EIRP CDF on test points selected in sec 2.2 shall satisfy the following condition
· 	80-percentile of delta EIRP CDF is no more than 3.0 dB
For power class 3 UEs supporting multi-band operations, the requirement 3 is FFS.

Conclusion
In this contribution, we provide our simulation results of X and Y values for requirement 3. We have following observation

Observation: At 80%-tile, delta EIRP is 3dB, at 90%-tile, delta EIRP is 4dB.

[bookmark: _GoBack]and we have following proposal for requirement 3

Proposal: For power class 3 UEs in single FR2 band with beam correspondence capability signaling set to 0, the delta EIRP CDF on test points selected in sec 2.2 shall satisfy the following condition
· 	80-percentile of delta EIRP CDF is no more than 3.0 dB
For power class 3 UEs supporting multi-band operations, the requirement 3 is FFS.
References
[1] RP-182879, “WF on Beam Correspondence”, Samsung, Apple, Nokia, Intel, ZTE, Sanechips, Qualcomm, MediaTek, Panasonic, Verizon, CATT, AT&T, OPPO, CMCC, Huawei, HiSilicon, CAICT, vivo, LG Electronics, KT Corp. RAN #82, Sorrento, Italia. Dec, 2018
[2] R4-1900133, “On beam correspondence test procedure”, Intel, RAN4#90, Athens, Greece, Feb, 2019  

1

3

