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[bookmark: OLE_LINK3][bookmark: OLE_LINK4]As outlined in 37.977, three different harmonization options were selected for closer harmonization analyses, i.e., Options C, D, and G. These options vary in the averaging methods and the channel models considered. For the AC methodologies (RTS, MPAC), a set of three principal UE orientations (Portrait with 45o tilt-P45, Portrait with 90o tilt-P90, and Landscape with 45 o tilt-L45) were chosen to study harmonization with the 3D isotropic RC methodologies (RC, RC+CE). One key goal of the work item was to determine a harmonized MU between combinations of methodologies, h, to determine the outcome of harmonization. 
The work on the measurement uncertainty (MU) resulted in typical MU budgets, m, for the respective methodologies considered (RC, RC+CE, RTS, and MPAC) as listed in Table 1.
	Method
	MU [m]

	RC
	1.86

	RC+CE
	2.59

	RTS
	2.08

	MPAC
	2.65


[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Table 1: Typical MU budgets for each methodology
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Residual errors, r, were determined from the harmonization test campaign performed at CATR after applying a fixed offset per band to each methodology. 
During the MIMO OTA ad-hoc meeting (RAN4#77AH-OTA), it was proposed to add another term to the harmonized MU term, i.e, the ADTF accuracy, x, listed in Table 2.



	Method
	ADTF accuracy (REG AVG) [x]
	ADTF accuracy (INV AVG) [x] 

	RC
	1.3
	1.2

	RC+CE
	1.6
	1.6

	RTS
	0.6
	0.6

	MPAC
	0.9
	0.9


[bookmark: OLE_LINK17][bookmark: OLE_LINK18] Table 2: ADTF accuracy terms for each methodology
[bookmark: _GoBack]Additional UEs to augment the initial harmonization campaign were tested at CATR in order to determine whether the residual errors of such outlier devices still hold for the assumptions made during the harmonization campaign. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The harmonized MUs, h, the residual errors from the harmonization campaign, r, and the bias term, b, from the additional UE testing for the three harmonization options (C, D, and G), is shown in Table 3.
	Option
	Band
	RC&MPAC
	RC+CE&MPAC
	RTS&MPAC

	
	
	Residual Error at 70% [r]
	Bias term [b]
	Harm. MU [h]
	Residual Error at 70% [r]
	Bias term [b]
	Harm.MU [h]
	Residual Error at 70% [r]
	Bias term [b]
	Harm. MU [h]

	C
	13
	0.9
	1.3
	5.8
	0.3
	2.7
	7.1
	0.1
	0.8
	4.4

	
	7
	0.6
	6.2
	10.3
	0.5
	7.8
	12.6
	0.4
	0.1
	4.0

	
	41
	0.2
	0.0
	3.8
	0.4
	1.2
	5.8
	 
	 
	 

	D
	13
	1.2
	1.0
	5.8
	0.6
	2.3
	7.2
	0.2
	1.1
	4.8

	
	7
	0.6
	6.2
	10.4
	0.5
	8.0
	12.8
	0.4
	0.2
	4.1

	
	41
	0.3
	0.0
	3.8
	0.4
	1.1
	5.7
	 
	 
	 

	G
	13
	4.1
	0.8
	8.4
	0.9
	2.1
	7.2
	0.9
	0.2
	4.6

	
	7
	3.2
	7.8
	14.6
	0.6
	8.0
	12.9
	0.7
	0.1
	4.3

	
	41
	3.5
	0.0
	7.0
	1.1
	1.2
	6.5
	 
	 
	 


Table 2: Results for the harmonized MU, bias term from the additional UE testing, and residual errors from the harmonization campaign. 

The results for the harmonized MU, h, are displayed in Figure 1 while the additional bias terms, b, calculated from the additional UE tests, are shown in Figure 2.
The calculations are provided in the Excel spreadsheet submitted with this document. 
  
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Figure 1: Harmonized MU, h, for the three different harmonization options: (a) Opt C, (b) Opt D, (c) Opt G. 

  
Figure 2: Bias term, b, for the three different harmonization options: (a) Opt C, (b) Opt D, (c) Opt G. 


Harmonized MU at 70% TP for Harmonization Option G

RC-MPAC	
Band 13	Band 7	Band 41	8.410982420630768	14.56677660759976	6.984678614812318	RC+CE-MPAC	
Band 13	Band 7	Band 41	7.230005936174056	12.86271609126537	6.471240056656148	RTS-MPAC	
Band 13	Band 7	Band 41	4.615982420630735	4.296982420630764	
Harmonized MU [dB]




Bias Term at 70% TP for Harmonization Option C

RC-MPAC	
Band 13	Band 7	Band 41	1.323801114933246	6.194125691724196	0.0	RC+CE-MPAC	
Band 13	Band 7	Band 41	2.66780111493324	7.815308347090195	1.184330119095904	RTS-MPAC	
Band 13	Band 7	Band 41	0.765145524686403	0.075147331356618	
Bias Term [dB]




Bias Term at 70% TP for Harmonization Option D

RC-MPAC	
Band 13	Band 7	Band 41	1.042812764950781	6.24607803069145	0.0	RC+CE-MPAC	
Band 13	Band 7	Band 41	2.312181696746336	8.018874532943442	1.122318737148831	RTS-MPAC	
Band 13	Band 7	Band 41	1.085839821354796	0.212031164694935	
Bias Term [dB]




Bias Term at 70% TP for Harmonization Option G

RC-MPAC	
Band 13	Band 7	Band 41	0.785812764950805	7.831074385704698	0.0	RC+CE-MPAC	
Band 13	Band 7	Band 41	2.147812764950771	8.018874532943442	1.207464721570389	RTS-MPAC	
Band 13	Band 7	Band 41	0.172263909673845	0.0910036381785488	
Bias Term [dB]




Harmonized MU at 70% TP for Harmonization Option C

RC-MPAC	
Band 13	Band 7	Band 41	5.76084074197143	10.30109829264252	3.761535387625295	RC+CE-MPAC	
Band 13	Band 7	Band 41	7.127939726037046	12.55237993207414	5.766201449862944	RTS-MPAC	
Band 13	Band 7	Band 41	4.37784074197142	3.984840741971433	
Harmonized MU [dB]




Harmonized MU at 70% TP for Harmonization Option D

RC-MPAC	
Band 13	Band 7	Band 41	5.767982420630749	10.36789607347007	3.765897803964017	RC+CE-MPAC	
Band 13	Band 7	Band 41	7.151005936174061	12.76271609126536	5.67124005665615	RTS-MPAC	
Band 13	Band 7	Band 41	4.765982420630755	4.096982420630761	
Harmonized MU [dB]
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