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1. Introduction
In RAN4#90 meeting, it is agreed to derive beam correspondence tolerance requirement (Y dB@ X%-tile) based on simulation campaign according to the approved ad-hoc meeting minute [1].

[image: image1]
 In this contribution, based on the agreed simulation assumption as approved in the WF [2], further analysis and down-selection of simulation parameters are made, and then we performed beam correspondence tolerance simulation. Finally, beam correspondence tolerance requirement (X and Y values) are proposed.
2. Discussion

2.1 simulation approach
In the WF [2] on simulation assumption, two approaches are provided, Option1 (per antenna element) and Option2 (per beam). The difference of the two approaches lies in where the amplitude and phase error are put, to antenna element level for option1, and to beam level for option2. For antenna array beam forming, the amplitude and phase distribution of each antenna element are the key factors of the final beam. Given that option1 takes the key factors of beam forming into account, the option1 approach (per antenna element) is preferable than Option2 (per beam).
Observation 1: Option1 (per antenna element) takes the key factors of beam forming into account, so the Option1 approach (per antenna element) is preferable than Option2 (per beam).

2.2 simulation parameters
Different simulation parameters lead to different simulation results. In this section we make some analysis to the parameters and  provide our simulation parameter selection logic.

In the WF [2] on simulation assumption, the key simulation parameters for Option1 (per antenna element) are shown as Table 2.2-1.
Table 2.2-1 Key simulation parameters for Option1(per antenna element) of WF

	UE RF parameters
	Unit 
	Value 
	Notes

	Measurement Grid 
	degree 
	7.5( or 15( 
	Peak EIRP is 7.5

Spherical EIRP is 15 

	# of element antenna in an antenna module/set
(# of panels, # of analog beam(K), etc.)
	　
	4 

(2 panels, # total beam: 8,16,32) 
	Consider switched 2 panels.

These parameters will be depend on UE implementation. Other values are not precluded 

	Polarization 
	
	2 polarization 
	

	Antenna location (front, back, top-side, left-side, right-side, bottom-side)
	　
	Left/right 
	combination of the lists are not precluded. 

	Phase Error per Antenna element(δpk ) 
Amplitude Error per Antenna element(δak ) 
	Degree/

dB 
	δpk ~ N(0, (2) with (=[0~30]( 
δak ~ N(0, (2) with (= [0~2]dB 
	Other distributions are not precluded

	Error in RSRP estimation(Dk ) 
	dB 
	Dk ~ N(0, [2]2) 
	

	......
	......
	......
	......


Beam correspondence tolerance test is based on the measurement grid of spherical coverage, so a measurement grid with 15( constant step is adopted in our simulation.
Observation 2: Measurement grid of 15( constant step shall be used for beam correspondence tolerance simulation.
To align with the typical setting of WF [2] assumption, in our simulation switched 2 panels placed in left and right are considered, each panel has 4 antenna elements and 8 beams, thus there are 16 beams in total.
Phase shifter is the most important component for beam forming, the phase difference between antenna elements causes the wave front to different direction as a result beam forming is achieved. If there is phase differential error than expected between antenna elements, the beam will be steered to a unexpected direction which will obviously affect beam correspondence performance. Simulation results also indicate that beam correspondence tolerance is most sensitive to phase error of antenna element.
Observation 3: phase differential error between antenna elements is the root cause of unexpected beam direction.
It is noted that the standard deviation of phase differential error between antenna elements shall be larger than the phase error of each individual element. 

Assume the phase on antenna element #1 is P1=N(u1, (2)= u1+ N(0, (2), the phase on element #2 is P2=N(u2, (2) =u2+ N(0, (2), then the phase difference between elements shall be
P2-P1 = N(u2-u1, 2(2)  = ( u2-u1) + N(0, 2(2),
where (u2-u1) is the expected phase difference for the purpose of beam forming, N(0, 2(2) is the phase differential error between antenna elements which will steer the beam to unexpected direction. 

So, if the phase error distribution of individual element is N(0, (2), the phase differential error distribution between elements will be N(0,2(2).




Observation 4: the standard deviation of phase differential error between antenna elements shall be larger than the phase error of each individual element. For normal distribution, if phase error standard deviation of individual element is (, then phase differential error between elements shall be 
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(.
As shown in Table 2.2-1, the simulation assumption of WF[2] for phase error per antenna element is δpk ~ N(0, (2) with (=[0~30](. Now we consider the upper limit 30( case, according to above observation, the standard deviation of phase differential error between antenna elements will be  (d=
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*30(=42.4(, consequently the phase differential error corresponding to 95% confidence level will be high to 2(d=84.8(. 84.8( phase differential error between elements will cause  the beam about 28(~58( deviation away from expected direction which is even beyond the beam steering granularity  (usually 22.5(~45() for PC3 UE [3]. It is reasonable that the beam direction deviation caused by the phase differential error between antenna elements is expected to be no more than beam steering granularity,  therefore this case ((=30() is not in accordance with real product design logic. Based on this logic, the phase differential error between antenna elements can be assumed within 45( corresponding to 
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/8 which is more aligned with real product.
Proposal 1: The upper limit of phase differential error between antenna elements corresponding to 95% confidence level shall be no more than 45(corresponding to 
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/8.
Based on proposal 1, then the phase differential error between antenna elements corresponding to 95% confidence level 2(d 
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45(, so (d 
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22.5(, thus the standard deviation of phase error of individual element 
( =(d /
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Proposal 2: The standard deviation of phase error per antenna element shall be no more than 16(.
In our simulation, we use 16( as the standard deviation of phase error per antenna element.
As shown in Table 2.2-1, the simulation assumption of WF [2] for amplitude error per antenna element is δak ~ N(0, (2) with (= [0~2]dB. Amplitude error does not affect the beam direction but  the peak gain and side lobe levels, therefore it shows lower impact to the results which can also be seen in simulation. So we use 2dB as the standard deviation of amplitude error per antenna element in our simulation.
Observation 4: Amplitude error per antenna element has relatively lower impact to the beam correspondence tolerance simulation results compared with phase error.

As shown in Table 2.2-1, the simulation assumption of WF [2] for RSRP estimation error is Dk ~ N(0, [2]2). Considering the case of standard deviation of RSRS error is 2dB, the RSRP differential error between RX beams shall be 2
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=2.83dB. Given beam correspondence tolerance test is performed on the measurement grid points with top 50% EIRP, these test points will have relatively good SNR. So the 2.83dB standard deviation of RSRP differential error almost matches to the RSRP relative accuracy. In our simulation we apply 2dB as the standard deviation of RSRP estimation error.
Observation 5: 2dB standard deviation of RSRP estimation error matches to RSRP relative accuracy in beam correspondence tolerance test case.

2.3 simulation results
With the down-selected simulation parameters in section 2.2, the beam correspondence tolerance simulation is implemented and the simulation results are show in Table 2.3-1

Table 2.3-1 derived X&Y based on simulation results
	M_SRS=16
	X&Y values derivation based on 95% confidence level

	X%-tile
	100
	95
	90
	85
	80

	Y dB
	10.3
	4.4
	3.1
	2.4
	1.9


After simulation, thousands of ΔEIRPBC CDF curves are built as shown in Fig. 2.3-1. Y value derived in Table 2.3-1 is based on 95% confidence level for each X%-tile.
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For the X value, if X=100, then Y value will be too high as more than 10dB which is not proper for network; If X=80, then Y value will be too small which is not proper for UE. As a compromise, it is recommended to apply 90 to X value.
Proposal 3: Based on simulation results, the proposed beam correspondence tolerance spec (Y dB@ X%-tile) for PC3 UE is that X=90, Y=3.
About SRS parameters for uplink beam sweeping, it is agreed in the WF that the upper number of SRS-Resource (M) is [4] or [8] or [16] to reduce test time. By applying different M value in the simulation, we get the comparison results shown in Table 2.3-2.
Table 2.3-2 comparison simulation results for different M of SRS resource
	
	X&Y values derivation based on 95% confidence level

	X%-tile
	100
	95
	90
	85
	80

	Y dB (M=16)
	10.3
	4.4
	3.1
	2.4
	1.9

	Y dB (M=8)
	10.2
	4.4
	3.1
	2.4
	1.9

	Y dB (M=4)
	10.1
	4.2
	3.0
	2.3
	1.8


The comparison results shows that uplink beam sweeping with M=4 (one fourth of total beams) obtain similar beam correspondence tolerance results. To reduce test time, it is suggested to limit the SRS-Resource (M) no more than 8.
Proposal 4: the upper number of SRS-Resource (M) for PC3 UE shall be 8.
3. Conclusion
Observation 1: Option1 (per antenna element) takes the key factors of beam forming into account, so the Option1 approach (per antenna element) is preferable than Option2 (per beam).
Observation 2: Measurement grid of 15( constant step shall be used for beam correspondence tolerance simulation.
Observation 3: phase differential error between antenna elements is the root cause of unexpected beam direction.
Observation 4: the standard deviation of phase differential error between antenna elements shall be larger than the phase error of each individual element. For normal distribution, if phase error standard deviation of individual element is (, then phase differential error between elements shall be 
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(.
Proposal 1: The upper limit of phase differential error between antenna elements corresponding to 95% confidence level shall be no more than 45(corresponding to 
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/8.
Proposal 2: The standard deviation of phase error per antenna element shall be no more than 16(.
Observation 4: Amplitude error per antenna element has relatively lower impact to the beam correspondence tolerance simulation results compared with phase error.

Observation 5: 2dB standard deviation of RSRP estimation error matches to RSRP relative accuracy in beam correspondence tolerance test case.

Proposal 3: Based on simulation results, the proposed beam correspondence tolerance spec (Y dB@ X%-tile) for PC3 UE is that X=90, Y=3.
Proposal 4: the upper number of SRS-Resource (M) for PC3 UE shall be 8.
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Agreements


- X and Y shall be derived based on the simulation campaign 


- Companies are encourage to reach the consensus  for the assumption in RAN4 #90.


- Baseline simulation assumption for checking point of value X:  80% 85%, 90%  95% and 100%.  In addition, companies can also check other point, e.g., 60% 





Fig.2.3-1 ΔEIRPBC CDF simulation results


































































































Fig.2.2-1 relationship of phase differential error and phase error in antenna array





P2-P1=N(u2-u1, 2(2) =( u2-u1)+ N(0, 2(2)





P2=N(u2, (2)


     =u2+ N(0, (2)





P1=N(u1, (2)


     =u1+ N(0, (2)
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