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[bookmark: _Ref71296739]Introduction
Continuing the work on the RAN5 MU Work Plan for NR FR1 TRP-TRS Enhancement (Rel-18) [1] and the earlier document R5-231800 from 3GPP TSG RAN WG5 Meeting #98 [2], this document proposes a draft text and discussion to continue this analysis.
Approach
This draft is based primarily on the existing RC method MU tables for TRP and TRS such as Annex A in TR 25.914 [2], particularly Tables A.3a, A.3b, A.3c, A.7, and A.8. Similar tables can be found in [3] and are considered for this draft. In addition, as many terms as possible are aligned with the ongoing work on the reference method AC, in particular Tables B.4.1-1 and B.5.1-1 from [3].
Common MU Definitions
Some of the terms for measurement uncertainty in the RC method are identical to the reference method AC. Following recent updates to the AC reference approach to MU terms and concerns [3], we add and update the MU tables for the RC approach to align with the AC approach.
RC Specific MU Definitions
In this draft, we align the definitions of MU from the AC approach from [4] with those from the RC approach.
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Text Proposal to TR 38.870
For TR 38.870 [6] Annex B we propose to add:

<<  Start of text proposal >>
[bookmark: _Toc120868737]B.3	MU contribution descriptions for Alternative method
<Editor’s note: Detailed structure of the subclause is TBD. 
MU assessment for 1Tx, 2Tx and CA (if MU is different compared with 1Tx case), including different scenarios, e.g. Free space, hand only, head and hand, forearm >
[bookmark: _Toc383652020]B.3.1	Additional Power Loss in EUT Chassis
When the EUT is small and does not add noticeable loss to the chamber, the calibration procedure outlined in section 8.4, is performed without the EUT present in the chamber. The possible difference in average chamber transmission level between the EUT measurement and the reference measurement must in this case be considered in the uncertainty evaluation. The uncertainty value for this contribution can be tested empirically by choosing a unit within a set of samples which is considered to incur the highest amount of loss (normally the largest unit), and measure the average transmission loss in the chamber with and without the test unit present in the chamber. The difference between the two cases shall be used in the uncertainty calculation and the distribution should be assumed to be rectangular.
Alternatively, a fixed value of 0.2 dB with a rectangular distribution can be used in the uncertainty calculations.
B.3.2   Random Uncertainty
The random uncertainty characterizes the undefined and miscellaneous effects which cannot be forecasted. One can estimate this type of uncertainty with a repeatability test by making a series of repeated measurement with a reference antenna without changing anything in the measurement set-up.
B.3.3   Quality of Spatial Uniformity
The standard deviation over calibration antenna positions and rotations of the transfer function, chamber reference or chamber loss . This measures the lack of spatial uniformity over the test zone in the reverberation chamber which is also referred as lack of isotropy, statistical ripple, or uniformity of the transfer function. This procedure is detailed in section 8.3.3.
According to the significance tests performed in [5], the uncertainty due to lack of spatial uniformity is not negligible. In this case, equation 12 in [5] holds and leads to the following uncertainty:

The expanded uncertainty covers the 95th percentile and is given by
U95 = K95 *U
Where K95 is the coverage factor for the two-sided 95th percentile of Student’s -distribution given T-1 degrees of freedom and corresponds to 2.201 at T=12 (11 degrees of freedom) or 2.069 at T=24 (23 degrees of freedom).

[bookmark: _Toc120868738]B.4	MU Assessment for TRP
<Editor’s note: Detailed structure of the subclause is TBD. 
MU assessment for both Reference method and alternative method, under different test cases>
B.4.1	MU Assessment for TRP (reference method)
TBD
B.4.2	MU Assessment for TRP (alternative method)
Table B.4.2-1 Uncertainty contributions in TRP measurement for alternative test method
	UID
	Description of uncertainty contribution
	Details in clause

	Stage 2: DUT measurement 

	1
	Mismatch of receiver chain 
	B.2.1

	2
	Insertion loss of receiver chain
	B.2.2

	3
	Influence of the measurement antenna cable
	B.2.3

	4
	Measurement Receiver: uncertainty of the absolute level
	B.2.4

	5
	Quality of Spatial Uniformity
	B.3.3

	6
	Additional power loss in EUT chassis
	B.3.1

	7
	DUT Tx-power drift
	B.2.9

	8
	Uncertainty related to the use of phantoms 
	B.2.11

	9
	Random uncertainty 
	B.2.13

	Stage 1: Calibration measurement

	10
	Uncertainty of network analyzer
	B.2.15

	11
	Mismatch of receiver chain
	B.2.1

	12
	Insertion loss of receiver chain
	B.2.2

	13
	Mismatch in the connection of calibration antenna
	B.2.1

	14
	Influence of the calibration antenna feed cable
	B.2.3

	15
	Influence of the measurement antenna cable
	B.2.3

	16
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	B.2.16

	17
	Uniformity of transfer function
	B.3.3




Table B.4.2-2 Preliminary example of uncertainty budget for TRP measurement for alternative test method for NR FR1 bands
	
UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	Stage 2: DUT measurement

	
1
	Mismatch of receiver chain
	Гpower meter <0.05
Гfixed measurement antenna connection <0.16
	0.07
	U-shaped
	1.41
	1
	[0.05]

	
2
	Insertion loss of receiver chain
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
3
	Influence of the fixed measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
4
	Measurement Receiver: uncertainty of tshe absolute level
	Power Meter
	0.06
	Rectangular
	1.73
	1
	[0.03]

	
5
	Quality of Spatial Uniformity
	Statistics of chamber
	
0.5
	
Gaussian
	1
	1
	[0.5]

	
6
	Additional power loss in EUT chassis
	The EUT not present in the chamber during calibration measurement
	0.1
	Rectangular
	1.73
	1
	[0.06]

	7
	DUT Tx-power drift
	Drift
	0.2
	Rectangular
	1.73
	1
	[0.12]

	
8
	Uncertainty related to the use of phantoms 
	U [dB] = 0.20                     U [dB] = 0.15
	0.32
	Rectangular
	1.73
	1
	[0.18]

	
9
	Repeatability
	Using the same setup and stirring sequence 
	0.4
	Rectangular
	1.73
	1
	[0.23]

	Stage 1: Calibration measurement

	
10
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers whole NA setup
	0.5
	Rectangular
	1.73
	1
	[0.29]

	
11
	Mismatch of receiver chain
	Taken in to account in NA setup uncertainty 
	0
	U-shaped
	1.41
	1
	0.00

	
12
	Insertion loss of receiver chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
13
	Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	U-shaped
	1.41
	1
	0.00

	
14
	Influence of the feed cable of the calibration antenna
	Gain calibration with a dipole
	0.3
	Rectangular
	1.73
	1
	[0.17]

	
15
	Influence of the measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0.00

	
16
	Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	Calibration certificate
	0.5
	Rectangular
	1.73
	1
	[0.29]

	
17
	Uniformity of transfer function
	Statistics of chamber
	
Gaussian
	
1.00
	1
	1
	[0.5]

	
Combined standard uncertainty
	

	[0.7441]

	Expanded uncertainty (Confidence interval of 95 %)
	

	[1.4585]




[bookmark: _Toc120868739]B.5	MU Assessment for TRS
<Editor’s note: Detailed structure of the subclause is TBD. 
MU assessment for both Reference method and alternative method, under different test cases >


B.5.1	MU Assessment for TRS (reference method)
<Editor’s note: Detailed structure MU assessment for Reference >

B.5.2	MU Assessment for TRS (alternative method)
Table B.5.2-1 Uncertainty contributions in TRS measurement for alternative test method
	UID
	Description of uncertainty contribution
	Details in clause

	Stage 2: DUT measurement 

	1
	Mismatch of transmitter chain 
	B.2.1

	2
	[bookmark: RANGE!C7]Insertion loss of transmitter chain
	B.2.2

	3
	Influence of the measurement antenna cable
	B.2.3

	4
	[bookmark: RANGE!C9]Communication Tester: uncertainty of the absolute output level
	B.2.5

	5
	Sensitivity measurement: output level step resolution
	B.2.6

	6
	Statistical uncertainty of BER measurement
	B.5.4

	7
	BER data rate normalizations
	B.5.5

	8
	DUT sensitivity drift
	B.2.10

	9
	Quality of Spatial Uniformity
	B.5.3

	10
	Uncertainty related to the use of phantoms 
	B.2.11

	11
	Random uncertainty 
	B.2.13

	Stage 1: Calibration measurement

	12
	Uncertainty of network analyzer 
	B.2.15

	13
	Mismatch of transmitter chain 
	B.2.1

	14
	Insertion loss of transmitter chain
	B.2.2

	15
	[bookmark: RANGE!C22]Mismatch in the connection of calibration antenna
	B.2.1

	16
	Influence of the calibration antenna feed cable
	B.2.3

	17
	Influence of the measurement antenna cable
	B.2.3

	18
	Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	B.2.16

	19
	Quality of Spatial Uniformity
	B.5.3





Table B.5.2-2: Preliminary example of uncertainty budget for TRS measurement for alternative test method for NR FR1 bands
	
UID
	Uncertainty Source
	Comment
	Uncertainty Value [dB]
	Prob Distr
	Div
	ci
	Standard Uncertainty [dB]

	Stage 2: DUT measurement

	
1
	Mismatch of transmitter chain
	ГBSS <0.13
Г antenna connection <0.03
	0.02
	Gaussian
	1
	1
	[0.02]

	
2
	Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	
3
	Influence of the fixed measurement antenna cable
	Systematic with Stage 2 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	
5
	Base station simulator: uncertainty of the absolute level
	
	1
	Rectangular
	1.73
	1
	[0.58]

	
6
	BER measurement: output level step resolution
	Step 0.1dB
	0.05
	Rectangular
	1.73
	1
	[0.03]

	7
	Statistical uncertainty of the BER measurement
	BER target 10%±2% , 20000 tested bits , N=60
	0.12
	Gaussian
	1
	1
	[0.12]

	
8
	TRS data rate normalization
	4 reference points measured
	0.12
	Gaussian
	1
	1
	[0.12]

	
9
	Quality of Spatial Uniformity
	Statistics of chamber
	0.5
	Gaussian
	1
	1
	[0.5]

	

10
	Additional power loss in EUT chassis
	The EUT not present in the chamber during calibration measurement
	0.1
	Rectangular
	1.73
	1
	[0.06]

	
11
	DUT sensitivity drift
	Drift measurement
	0.2
	Rectangular
	1.73
	1
	[0.12]

	
12
	Uncertainty related to the use of phantoms
	Standard SAM with standard tissue simulant
	0
	Rectangular
	1.73
	1
	0

	
13
	Repeatability
	Using the same setup and stirring sequence 
	0.4
	Rectangular
	1.73
	1
	[0.23]

	Stage 1: Calibration measurement

	
14
	Uncertainty of network analyzer
	Manufacturer’s uncertainty calculator, covers NA setup
	0.5
	Rectangular
	1.73
	1
	[0.29]

	
15
	Mismatch of transmitter chain
	Taken in to account in NA setup uncertainty 
	0
	U-shaped
	1.41
	1
	0

	
16

	Insertion loss of transmitter chain
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	
17

	Mismatch in the connection of calibration antenna
	Taken in to account in NA setup uncertainty
	0
	Rectangular
	1.73
	1
	0

	
18
	Influence of the feed cable of the calibration antenna
	Gain calibration with dipole
	0.3
	Rectangular
	1.73
	1
	[0.17]

	
19
	Influence of the fixed measurement antenna cable
	Systematic with Stage 1 (=> cancels)
	0
	Rectangular
	1.73
	1
	0

	
20
	Uncertainty of the absolute gain of the calibration antenna
	Calibration certificate
	0.5
	Rectangular
	1.73
	1
	[0.29]

	21
	Quality of Spatial Uniformity
	Statistics of chamber
	0.5
	Gaussian
	1
	1
	[0.5]

	
Combined standard uncertainty
	

	[1.0220]

	Expanded uncertainty (Confidence interval of 95 %)
	

	[2.0031]




[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Conclusion
The text submission should be considered for the development of the MU sections in TR 37.870
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