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Introduction
In last RAN4 meeting, some progress was made on the beam correspondence tolerance requirements. SRS UL sweeping opportunities M and X%-tile values were agreed. But Y value is still open. In this contribution, we provide our simulation result on Y value and discuss the necessity for the gNB to always enable UL sweeping assistance. 
Beam correspondence tolerance requirements
The agreement on beam correspondence tolerance requirements is recapped here.Agreement:
For Rel-15, value of M:
· M = 8 (as default value)
· FFS how to give UE vendor flexibility considering different UE vendors’ implementation. 
On value of M:
Further agreement: 
		- Use M=8 as default value for the RAN4 test case design and minimum core requirements for PC3 UE. 
On test condition 
	- Agree to set the normal temperature as test condition 

Agreement: 
X = 85% Y = [2dB, 7dB] 
Companies will further discuss the value of Y until May meeting. 
The decision on value of Y will be made in May meeting. 



Under agreement, SRS opportunity M=8 was taken in the simulations. Our performed simulations were based on model 2 in Table 1 [1] since phase error (beam steering error) and amplitude gain error are readily measureable at beam level instead of antenna element level. Extracting beam level impairment characteristics is more accurate to reflect final measurement results. 
Table 1 Model 2: per beam based Phase/Amplitude errors
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Our simulation assumption was based on 2 panels with front and back mounting positions and with glass cover on each side. Each panel has 13 beams, total beams over full sphere is 26. In the simulation plot, multiple curves corresponding to different sets of impairments are drawn for comparison. 


Simulation assumptions:
Number of total beam K=26 over two panels (each panel has 13beams)
UL beam sweeping SRS resource M=8
Measurement Grid: 15o 
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Figure 1 CDF of delta EIRP with number of SRS resources M=8


The following table is a summary of simulations.  represents sigma value of beam phase error (beam steering error) in degree,  represents  sigma value of beam gain error in dB and  represents RSRP estimation error in dB.
Table 2 Delta EIRP vs. different M values and impairments
	Impairments
(, , )
	Delta EIRP (Y) = EIRP2 – EIRP1 in dB

	
	M=8

	
	X = 80%-tile
	X = 85%-tile

	(45,3,2)
	10.5
	11.7

	(10,3,2)
	6.4
	7.5

	(10,2,2)
	5.0
	5.8

	(5,2,2)
	3.8
	4.5



In model 2, the curve with Sigma_steering error = 45o is worst among all simulated cases. It generates the largest Delta EIRP value. This is because with such large beam steering error, the selected corresponding Tx beam actually has quite different steering direction with the best Tx beam. This leads to very low EIRP1 at given DL test direction. While with UL sweeping, the better EIRP2 can still be achieved. In this case, large Delta EIRP is expected. For practical beam correspondence design, we expect the beam steering error is likely to be controlled to a smaller sigma value.
We also notice that the RSRP measurement errors cannot be assumed to follow the same distributions to all test grid points since Rx beam gains at different test grid points are different. For given fixed DL EIRP level at UE antenna input, the SNRs are different at different test grid points, in turn, the RSRP estimation errors. In our submitted paper [2], we proposed that The EIRP at UE antenna input should be calculated as 
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
SNRREFENSES = -1dB, baseband SNR used for REFSENS testing


to make sure SNR at top of 50%-tile EIS spherical coverage to be maintained high enough to have reasonable RSRP estimation error for beam correspondence test.

Based on the simulations performed, at given 85%-tile, delta EIRP Y value varies within a wide range depending on values of impairments. We propose the following beam correspondence tolerance requirement as a compromise by weighing all factors.

Proposal 1: For power class 3 UE in single FR2 band with beam correspondence capability signaling set to 0, the delta EIRP CDF on selected test points defined in 38.101-2 [3] shall satisfy the following condition with number of SRS resource M8:
· 	85-percentile of delta EIRP CDF is no more than [5.8] dB

System impact of BC tolerance requirements
[bookmark: _GoBack]The important motivation to define beam correspondence tolerance requirement in RAN plenary meeting #82 [4] was to allow UEs to achieve EIRP requirements with assisted UL beam sweeping. In RAN4 related discussions, the following scenarios should not be considered where UE indicates beamCorrespondenceWithoutUL-BeamSweeping = 0 and gNG does not configure SRS (i.e. M=0) or less SRS (i.e. M<8). 

Observation 1: To specify beam correspondence tolerance requirement, it should be assumed that at least M=8 SRS should be configured if UE capability bit beamCorrespondenceWithoutUL-BeamSweeping = 0

Providing there are enough SRS configured, EIRP requirements should be complied with for all UEs. Beam correspondence tolerance requirement is introduced to quantify the EIRP performance improvement due to UL beam sweeping. This is transparent to the NW and the corresponding system impact is very limited. Meanwhile, the tolerance requirement should not limit good UE implementation either, especially when UL sweeping algorithm is optimized to maximize the EIRP gain.

Observation 2: Beam correspondence tolerance requirements have limited system impact.

Observation 3: Beam correspondence tolerance requirements should not be too small and limit good UE implementation. 

On the other hand, when DL SNR is poor e.g. cell edge UE, all types of UEs will suffer large RSRP estimation error, including UEs with capability bit beamCorrespondenceWithoutUL-BeamSweeping =1. In this case, DL measurement could be significant worse than assumed RSRP accuracy model and UL beam sweeping can be beneficial to all types of UE. In real field operations, UL beam sweeping assistance should be always provided for both types of UEs.

Proposal 2: In real network operations, UL beam sweeping assistance should always be enabled for both types of UEs, regardless the UE capability bit value in beamCorrespondenceWithoutUL-BeamSweeping.

Conclusion
In this contribution, we provide our simulation results. Based on simulations for beam correspondence tolerance requirement and consideration of real deployment, we have following proposals:

Proposal 1: For power class 3 UE in single FR2 band with beam correspondence capability signaling set to 0, the delta EIRP CDF on selected test points defined in 38.101-2 [3] shall satisfy the following condition with number of SRS resource M8:
· 	85-percentile of delta EIRP CDF is no more than [5.8] dB

Proposal 2: In real network operations, UL beam sweeping assistance should be always enabled for both types of UEs, regardless the UE capability bit value in beamCorrespondenceWithoutUL-BeamSweeping.
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CDF of EIRP2 - EIRP1
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