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1	Introduction
[bookmark: OLE_LINK4]The Rel-18 FR2 MIMO OTA lab alignment activity is expected to be concluded at this meeting. Four volunteer labs have submitted their measurement results of the performance alignment devices (PADs) [1]-[4]. Besides, Lab A indicated that their results are 3 dB more optimistic due to the way the power is set at the center of the test zone, and thus their MASC results should be corrected by 3-dB offset [5]. 
According to the Framework [6], the reference value of each PAD is derived by the linear average (in dB) of the measurement results submitted by labs. The pass/fail limit was specified as 0.75*preliminary MU.
This contribution presents a summary of the Rel-18 FR2 MIMO OTA lab alignment result. The detailed analysis data is attached in the Excel worksheet of this contribution.  
2	Discussion
[bookmark: OLE_LINK3]The Rel-18 FR2 MIMO OTA lab alignment measurement results are summarized and analysed, as shown in Table 1 (with Lab A’s original data) and Table 2 (with Lab A’s corrected data with 3-dB offset). 
Table 1. Summary of the Rel-18 FR2 MIMO OTA lab alignment results (with Lab A’s original data)
	Device
	Band
	MASC70 measurement result [dBm/120kHz]
	Average
approach
	Average
value
	Max-Min
deviation

	
	
	Lab A (original results)
	Lab B
	Lab C
	Lab D
	Lab E
	
	
	

	PAD 1
	n261
	-104.97
	-101.79
	-100.64
	Results not available in Rel-18
	NA　
	Linear
average (in dB)
	-102.47
	4.33

	PAD 2
	n261
	-108.56
	-104.92
	-103.87
	
	-105.41
	
	-105.69
	4.69

	PAD 3
	n261
	-105.40
	-101.92
	-101.22
	
	-103.31
	
	-102.96
	4.18

	PAD 4
	n257
	-108.76
	-105.80
	-104.59
	
	-106.01
	
	-106.29
	4.17

	Device
	Band
	 TRMS offset [dBm/120kHz]
	Pass/fail limit

	
	
	Lab A
	Lab B
	Lab C
	Lab D
	Lab E
	

	PAD 1
	n261
	-2.51
	0.68
	1.83
	NA　
	NA　
	± 0.75*preliminary MU, i.e., ± 3.79 dB

	PAD 2
	n261
	-2.87
	0.77
	1.82
	NA　
	0.28
	

	PAD 3
	n261
	-2.44
	1.04
	1.74
	NA　
	-0.35
	

	PAD 4
	n257
	-2.47
	0.49
	1.70
	NA　
	0.28
	

	Lab alignment conclusion 
	Pass
	Pass
	Pass
	NA
	Pass
	
	
	


Table 2. Summary of the Rel-18 FR2 MIMO OTA lab alignment results (with Lab A’s corrected data)
	Device
	Band
	MASC70 measurement result [dBm/120kHz]
	Average
approach
	Average
value
	Max-Min
deviation

	
	
	Lab A (with 3dB offset)
	Lab B
	Lab C
	Lab D
	Lab E
	
	
	

	PAD 1
	n261
	-101.97
	-101.79
	-100.64
	Results not available in Rel-18
	NA　
	Linear
average (in dB)
	-101.47
	1.33

	PAD 2
	n261
	-105.56
	-104.92
	-103.87
	
	-105.41
	
	-104.94
	1.69

	PAD 3
	n261
	-102.40
	-101.92
	-101.22
	
	-103.31
	
	-102.21
	2.09

	PAD 4
	n257
	-105.76
	-105.80
	-104.59
	
	-106.01
	
	-105.54
	1.41

	Device
	Band
	 TRMS offset [dBm/120kHz]
	Pass/fail limit

	
	
	Lab A
	Lab B
	Lab C
	Lab D
	Lab E
	

	PAD 1
	n261
	-0.51
	-0.32
	0.83
	NA
	NA
	± 0.75*preliminary MU, i.e., ± 3.79 dB

	PAD 2
	n261
	-0.62
	0.02
	1.07
	NA
	-0.47
	

	PAD 3
	n261
	-0.19
	0.29
	0.99
	NA
	-1.10
	

	PAD 4
	n257
	-0.22
	-0.26
	0.95
	NA
	-0.47
	

	Lab alignment conclusion 
	Pass
	Pass
	Pass
	NA
	Pass
	
	
	



Figure 2 presents the MASC measurement results, and Figure 3 visualizes the deviations between each MASC measurement results and average values. 

(a) with Lab A’s original data

(b) with Lab A’s corrected data
Figure 2. The Rel-18 FR2 MIMO OTA lab alignment measurement results


(a) with Lab A’s original data

(b) with Lab A’s corrected data
Figure 3. Deviation between each measurement result and the average value

Observation 1: Four volunteer labs provided their measurement results for FR2 MIMO OTA lab alignment in Rel-18 MIMO OTA lab alignment activity. With Lab A’s corrected data, the maximum deviation between different labs is 2.09 dB, which is within 0.5 preliminary MU. No outlier value is observed. 
Observation 2: The performance rankings of the PADs are consistent across different labs.
Observation 3: With Lab A’s corrected data, the maximum deviation between measurement results and average values is -1.10 dB, which is about 0.22*preliminary MU. 
Observation 4: The maximum deviation between measurement results and reference values is within the agreed pass/fail limit, +/- 0.75*preliminary MU (3.79 dB). The four labs can be confirmed as aligned.
To provide a comprehensive overview of the measurement results, the measured sensitivity values @ 70% TP at each of test points are illustrated in Annex. 
3	Conclusion
This contribution presents a summary of the Rel-18 FR2 MIMO OTA lab alignment result.
Observation 1: Four volunteer labs provided their measurement results for FR2 MIMO OTA lab alignment in Rel-18 MIMO OTA lab alignment activity. With Lab A’s corrected data, the maximum deviation between different labs is 2.09 dB, which is within 0.5 preliminary MU. No outlier value is observed. 
Observation 2: The performance rankings of the PADs are consistent across different labs.
Observation 3: With Lab A’s corrected data, the maximum deviation between measurement results and average values is -1.10 dB, which is about 0.22*preliminary MU. 
Observation 4: The maximum deviation between measurement results and reference values is within the agreed pass/fail limit, +/- 0.75*preliminary MU (3.79 dB). The four labs can be confirmed as aligned.

Annex: Measurement results at each test point
To provide a comprehensive overview of the measurement results, the measured sensitivity values @ 70% TP at each of test points are shown in Fig. A-1 (with Lab A’s original data). 

(a) PAD 1

(b) PAD 2

(c) PAD 3

(d) PAD 4
Figure A-1. Measured sensitivity values at each test point (with Lab A’s original data)
References
1. R4-2400194, On FR2 MIMO OTA Lab Alignment PADs measurement results, Apple, 3GPP RAN4#110, Feb. 2024.
1. R4-2405463, Measurement results for 3GPP FR2 MIMO OTA Lab Alignment Activity, CAICT, 3GPP RAN4#110bis, Apr. 2024.
1. R4-2405312, Measurement results for 3GPP FR2 MIMO OTA Lab Alignment Activity, CMCC, 3GPP RAN4#110bis, Apr. 2024.
1. R4-2406133, Measurement results for 3GPP FR2 MIMO OTA Lab Alignment Activity, Huawei, HiSilicon, RAN4#110bis, Apr. 2024.
1. R4-2407064, On FR2 MIMO OTA measurement results, Apple, 3GPP RAN4#111, May 2024.
1. R4-2407662, Updated Framework and time plan for FR2 MIMO OTA performance requirements development (May 2024), CAICT, 3GPP RAN4#111, May 2024.
FR2 MIMO OTA lab alignment — MASC offset [dBm/120kHz] 

Lab A	
PAD 1	PAD 2	PAD 3	PAD 4	-2.5056481516871258	-2.8710401874483296	-2.4415204361768446	-2.4735282540942478	Lab B	
PAD 1	PAD 2	PAD 3	PAD 4	0.67989630337423534	0.76952056234497945	1.0442613085305652	0.49198476228274046	Lab C	
PAD 1	PAD 2	PAD 3	PAD 4	1.8257518483128763	1.8236598125516679	1.7429795638231553	1.6966717459057463	Lab E	
0.27785981255166803	-0.34572043617684756	0.28487174590574682	



FR2 MIMO OTA lab alignment — MASC offset [dBm/120kHz] 

Lab A	
PAD 1	PAD 2	PAD 3	PAD 4	-0.50564815168712585	-0.62104018744832956	-0.19152043617684456	-0.22352825409424781	Lab B	
PAD 1	PAD 2	PAD 3	PAD 4	-0.32010369662576466	1.9520562344979453E-2	0.2942613085305652	-0.25801523771725954	Lab C	
PAD 1	PAD 2	PAD 3	PAD 4	0.82575184831287629	1.0736598125516679	0.99297956382315533	0.94667174590574632	Lab E	
0	-0.47214018744833197	-1.0957204361768476	-0.46512825409425318	



Sensitivity values at each test point [dBm/120kHz] — PAD 1  

Lab A	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	-107.5	-104.5	-106	-104.5	-108	-107	-101.5	-106.5	-101.5	-96	-102.5	-104	-104.5	-99.5	-99	-106.5	-98	-106.5	-94.5	-95.5	-96.5	-95.5	-94	-94	-102.5	-103	-103	-91	-92	-96.5	-92.5	-89.5	-99	-96.5	-85	-93.5	Lab B	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	-103.5	-101.5	-103	-88	-105.5	-104	-98	-100	-99.5	-94.5	-100.5	-100	-102.5	-88.5	-97	-103.5	-94	-104	-100	-86	-100.5	-101	-90	-88	-93.5	-96	-88	Lab C	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	-104	-100.5	-103	-103.5	-103	-101	-97.5	-102.5	-96.5	-91.5	-96	-96.5	-100.5	-92.5	-95	-101.5	-94.5	-101	-89	-88	-88.5	-89	-87.5	-88	-99.5	-96	-98.5	-87	-88	-93.5	-88.5	-84.5	-94	-92	-80.5	-88.5	



Sensitivity values at each test point [dBm/120kHz] — PAD 2  

Lab A	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	-94	-104.5	-103.5	-104.5	-102	-97	-109.5	-107	-102.5	-107	-101.5	-108	-110.5	-107.5	-95.5	-108	-111.5	-108.5	-106	-104.5	-110	-98	-97.5	-108.5	-111	-108	-105.5	-101.5	-107	-109	-105	-96.5	-104.5	-103.5	-94	-96.5	Lab B	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	-95	-100	-101.5	-90	-90	-90	-106.5	-92	-100.5	-107.5	-104.5	-91	-90	-107	-104	-104	-96	-100	-108	-105.5	-105.5	-89	-95.5	-105.5	-101.5	-105.5	-104	-106	-99	-93.5	-97	-97	Lab C	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	-91	-103.5	-99	-102.5	-98	-94.5	-105	-103.5	-97	-103	-95.5	-104	-105.5	-101.5	-89	-106.5	-105.5	-103	-101	-96	-104	-91	-90	-103	-100.5	-106	-101	-95.5	-100.5	-104.5	-99	-93.5	-97.5	-99.5	-89.5	-90	Lab E	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	-106.946	-94.945999999999998	-105.946	-97.945999999999998	-95.945999999999998	-105.946	-97.945999999999998	-96.945999999999998	-106.946	-95.945999999999998	-100.946	-101.946	-101.946	-100.946	-107.946	-102.946	-95.945999999999998	-103.946	-94.945999999999998	-106.946	-99.945999999999998	-103.946	-104.946	-94.945999999999998	-100.946	-106.946	-108.946	-95.945999999999998	-96.945999999999998	-92.945999999999998	-95.945999999999998	-95.945999999999998	-100.946	-105.946	-88.945999999999998	



Sensitivity values at each test point [dBm/120kHz]— PAD 3  

Lab A	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	-102	-104	-104	-95	-96.5	-96.5	-107	-102	-103	-93	-93.5	-97	-105.5	-109.5	-95.5	-101	-109.5	-102.5	-90	-103.5	-93	-93	-98.5	-108.5	-106	-97	-101.5	-90	-87	-105.5	-104.5	-97.5	-101	-96.5	-92	-102.5	Lab B	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	-99	-101	-100.5	-92	-94	-93.5	-103	-98.5	-99.5	-90	-88.5	-95.5	-102	-105.5	-93.5	-98.5	-105.5	-99	-100.5	-95.5	-104	-103	-94	-99	-103.5	-102	-95	-99	Lab C	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	-100.5	-100.5	-101.5	-91	-90.5	-93.5	-103.5	-98.5	-99.5	-87	-88.5	-90	-100.5	-105.5	-92	-96	-103.5	-96.5	-86	-99.5	-83	-88.5	-95	-105.5	-99.5	-92	-97	-86.5	-82	-101	-100	-93	-96.5	-88.5	-92	-96.5	Lab E	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	-99.793000000000006	-100.79300000000001	-85.793000000000006	-91.793000000000006	-103.79300000000001	-92.793000000000006	-81.793000000000006	-106.79300000000001	-83.793000000000006	-104.79300000000001	-85.793000000000006	-88.793000000000006	-98.793000000000006	-108.79300000000001	-86.793000000000006	-94.793000000000006	-91.793000000000006	-101.79300000000001	-105.79300000000001	-88.793000000000006	-106.79300000000001	-104.79300000000001	-98.793000000000006	-96.793000000000006	-95.793000000000006	-94.793000000000006	-96.793000000000006	-95.793000000000006	-95.793000000000006	-96.793000000000006	-101.79300000000001	-96.793000000000006	-97.793000000000006	-90.793000000000006	-94.793000000000006	



Sensitivity values at each test point [dBm/120kHz]— PAD 4

Lab A	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	-97.5	-109.5	-99.5	-103.5	-91.5	-94	-105.5	-112	-97.5	-97	-91.5	-107	-111.5	-100	-95.5	-114	-105	-113.5	-91	-101.5	-101.5	-93	-98	-100	-107	-107.5	-110.5	-92	-95	-101	-98.5	-95	-107.5	-104	-84.5	-98.5	Lab B	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	-94	-103	-95	-100	-89.5	-89.5	-100.5	-108	-95	-92.5	-87	-103	-107	-96	-93.5	-110	-99	-109.5	-92.5	-109	-89	-103.5	-109.5	-105	-96	-92.5	-95	-95.5	-88.5	-98.5	-105	-103.5	-93	-89.5	-90	-104	Lab C	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	-93	-104	-93	-97	-87	-88	-101	-108	-94	-88	-86	-101	-108	-96	-92	-109	-101	-110	-85	-96	-94.5	-90	-92	-95.5	-106	-101.5	-107.5	-88	-86	-97.5	-91	-88.5	-101	-97	-84	-91	Lab E	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	-106.946	-95.945999999999998	-108.946	-94.945999999999998	-96.945999999999998	-100.946	-102.946	-91.945999999999998	-108.946	-95.945999999999998	-100.946	-95.945999999999998	-93.945999999999998	-103.946	-107.946	-100.946	-100.946	-97.945999999999998	-95.945999999999998	-105.946	-97.945999999999998	-100.946	-98.945999999999998	-98.945999999999998	-100.946	-108.946	-109.946	-92.945999999999998	-96.945999999999998	-99.945999999999998	-92.945999999999998	-96.945999999999998	-103.946	-108.946	-88.945999999999998	-93.945999999999998	



FR2 MIMO OTA lab alignment — MASC measurement results [dBm/120kHz] 

Lab A	
PAD 1	PAD 2	PAD 3	PAD 4	-104.9721	-108.5609	-105.4038	-108.76439999999999	Lab B	
PAD 1	PAD 2	PAD 3	PAD 4	-101.78655554493864	-104.92033925020669	-101.91801825529259	-105.79888698362301	Lab C	
PAD 1	PAD 2	PAD 3	PAD 4	-100.6407	-103.86620000000001	-101.2193	-104.5942	Lab E	
-105.41200000000001	-103.30800000000001	-106.006	



FR2 MIMO OTA lab alignment — MASC measurement results [dBm/120kHz] 

Lab A	
PAD 1	PAD 2	PAD 3	PAD 4	-101.9721	-105.5609	-102.4038	-105.76439999999999	Lab B	
PAD 1	PAD 2	PAD 3	PAD 4	-101.78655554493864	-104.92033925020669	-101.91801825529259	-105.79888698362301	Lab C	
PAD 1	PAD 2	PAD 3	PAD 4	-100.6407	-103.86620000000001	-101.2193	-104.5942	Lab E	
0	-105.41200000000001	-103.30800000000001	-106.006	



