
3GPP TSG-RAN WG4 Meeting # 106-bis                                                                    R4-2305906
[bookmark: OLE_LINK3]Electronic Meeting, 17 - 26 April, 2023

Title: 	Proposals for spatial uniformity and CBW test procedures in RC
Source: 	EMITE, Bluetest, Huawei, HiSilicon
Agenda item:	5.16.2.2
Document for:	Agreement
Introduction
Issue 2-1-2: How to calculate Coherence bandwidth of RC 
Proposals:
· Proposal 1: The current method proposed to validate RC isotropy or Spatial Uniformity is not sufficient for a proper characterization of a RC loaded with absorbers to achieve proper Coherent Bandwidth, which is a pre-requisite to test modulated signals. Another RC Isotropy or Spatial Uniformity validation method compliant with loaded RC shall be determined prior to move forward with RC alignment test efforts, e.g.: Standard Uncertainty on RC Transfer Function (uref) [4] in R4-2300350. 
· Proposal 2: Review and correct the isotropy and CBW test procedure proposal in Annex in R4-2300139. 
Agreements:
· Further check next meeting the above two approaches based on detailed descriptions in TP. 

Issue 2-1-3: Verification procedure for Coherence bandwidth of RC 
Agreements:
· Encourage companies to provide corresponding verification procedure of coherence bandwidth based on the proposed method to calculate Coherence bandwidth in Issue 2-1-2.
· Text Proposals are encouraged for detailed discussion and endorsement.
This contribution further discusses test issues associated with RC.
Discussion
Test procedure for spatial uniformity in appendix 1 is based on [2] and is for discussion and/or correction before agreeing to formal text proposal. 
Measurement in [4] shows that CBW of RC without absorbers is sufficient for TRP and TRS evaluation. The reason could be that the intrinsic CBW without absorbers is typically above 500kHz and is still much larger than the modulation bandwidth or SCS (Sub-Carrier Spacing) of 15kHz, 30kHz or 60kHz used in FR1. The proposed procedure in appendix 1 is therefore without absorber loading, but includes turntable inside the working volume.
Proposal 1: review and correct the spatial uniformity test procedure proposal in appendix 1 of R4-2304027.
Test procedure for CBW (Coherence Bandwidth) in appendix 2 is based on [3] and is for discussion and/or correction before agreeing to formal text proposal. Values for discussion are in square brackets.
As the spectrum shape is a sinc function in frequency domain, it would be prudent to set a minimum CBW much larger than the values of sub-carrier spacing. A factor of [5] is proposed below. 
Proposal 2: the minimum CBW of RC should be [5] times of Sub-Carrier Spacing.
Proposal 3: review and correct the CBW test procedure proposal in appendix 2 of R4-2304027.

Conclusions
This contribution makes the following proposals.
Proposal 1: review and correct the spatial uniformity test procedure proposal in appendix 1 of R4-2304027.
Proposal 2: the minimum CBW of RC should be [5] times of Sub-Carrier Spacing.
Proposal 3: review and correct the CBW test procedure proposal in appendix 2 of R4-2304027.
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Appendix 1 Test procedure for spatial uniformity
The test steps are as follows.
(a) Select either a cylindrical or cubic working volume, with when there is a turn table inside or not, respectively. As shown in Figure 1 by red dots, either the 4 corner points of the imaginary rectangle that would generate the cylindrical working volume or the 8 corner points will be used as locations for measurement. The cylindrical volume would become a toroid generated with a rectangular cross section when Rmin is not equal to zero due to proximity effects as described in [4]. The static working volume on a turn table would be cubic or similar shape occupying part of the turn table area. The role of the turn table is to provide source stirring in order to generate additional independent samples. It is for this reason, the sample points for spatial uniformity are chosen in the cross section, namely along radius and height, rather than along its direction of rotation. This amounts to either 4 or 8 total number of measurement points.
(b) [bookmark: _Hlk133261217]Measure transmission coefficient  at three orthogonal antenna positions in a complete mode stirring sequence.
(a) Calculate the power  for all 12 or 24 positions. In this way, is the reference power transfer function for position  of the calibration antenna.
(c) Calculate the average of power transfer function  over the calibration positions i.e., or  using the following relation:

(d) Calculate the standard deviation of the power transfer function over T different calibration antenna positions by

(e) Calculate  in dB by 

(f) Repeat steps (a) to (e) for at least [25] frequency points evenly across the NR FR1 bands. 
(g) Steps (a) to (e) can be repeated for various chamber loading configurations, e.g. using absorbers or similar materials, to meet specific coherence bandwidth requirements
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Figure 1: Illustration of a working volume with (a) for cylindrical and (b) for cubic volumes. 
According to the significance tests carried out in [6], the uncertainty due to lack of spatial uniformity is significant. In this case, equation 12 in [6] applies and gives rise to uncertainty as

The extended uncertainty covers 95%-ile and is given below
U95 = K95 *U
Where K95 is the two sided 95th percentile of the Student’s t-distribution with T degrees of freedom and equals to 2.179 with T=12 or 2.064 with T=24.

Appendix 2 Test procedure for coherence bandwidth
CBW or Coherence Bandwidth is a metric to determine the correlation in frequency within a given working volume of a reverberation chamber (RC) as specified in step (a) of Appendix 1 and defined in [3] as
         (1)
Where 
S21 (fj, n) corresponds to the measured complex S21 at the frequency step fj with [P] frequency points measured within a given bandwidth (BW) such that f1 = fc – (BW/2) and fp = fc + (BW/2).
n is the mode stirring sample index with a total equal to [N].
 is the frequency offset index with a frequency resolution of (f1 - fp)/(P - 1). 
[bookmark: _GoBack]The test points could be the same as in step (a) of Appendix 1. Namely, T=12 for chambers with a turn table or T=24 for chambers without a turn table. [However, CBW measurement at one test point with three orthogonal antenna positions within the working volume as defined in step (a) of Appendix 1 is permitted to reduce test time.]
Test steps are as follows.
(a) Select the center frequency fc and BW. A typical measurement frequency range of min{100MHz, channel bandwidth} for correlation would be used as a default. 
(b) Determine the number of measurement points P.
(c) Determine the total number of stirring sequence N.
(d) Perform measurement and process the data using equation (1)
(e) Average the auto-correlation R(i, n) over a complete stirring sequence (i.e. index n) for each frequency point index i.
(f) Identify the coherence bandwidth corresponding to a value of [0.5] in auto-correlation R(i, n)
(g) Steps (a) to (f) can be repeated for various chamber loading configurations, e.g. using absorbers or similar materials, to meet specific coherence bandwidth requirements.
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