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1	Introduction
[bookmark: OLE_LINK4]The FR2 MIMO OTA lab alignment activity has made good progress. At the last RAN4 meeting and this meeting, 4 of the volunteer labs have submitted their measurement results of the performance alignment devices (PADs) [1]-[4]. As agreed at the last meeting, the target is to conclude the 1st round lab alignment activity at this meeting, and the remaining lab can submit the measurement results at RAN4 #111 meeting. The agreements are captured in the WF [5] as below: 
	Issue 2-2: FR2 MIMO OTA lab alignment activity
Agreement:
· Complete the 1st round lab alignment at the next meeting with the results from at least three labs. Allow remaining labs to submit measurement results afterwards.
· Return the PADs to ETS-L by RAN4 #110bis (Apr. 2024).
· All labs can submit data for Measurement Campaign, whether the data can be included in the data pool for specifying requirements depends on lab alignment outcome.
· The deadline to submit lab alignment results and the data for Measurement Campaign is RAN4 #111 (May 2024).



Durig this meeting, the pass/fail criteria was defined as captured in the WF [6]:
	Issue 2-2-1: Pass/fail criteria for FR2 MIMO OTA lab alignment 
Agreement:
· For FR2 MIMO OTA lab alignment activity, apparent outliers (if identified) should not be considered in the average process for deriving reference values. The PAD measurement result deviates over [1.5]*preliminary MU (i.e., 7.575 dB for band n261) from all the other labs’ results should be identified as apparent outlier.
· Define the same pass/fail limit as that for FR1 lab alignment, i.e., 0.75*preliminary MU.



This contribution presents an analysis of the 1st round FR2 MIMO OTA lab alignment results. The detailed analysis data is attached in the Excel worksheet of this contribution.  
2	Discussion
[bookmark: OLE_LINK3]The 1st round FR2 MIMO OTA lab alignment results are summarized and analysed as shown in Table 1. 
Table 1. Summary of the 1st round FR2 MIMO OTA lab alignment results 
	Device
	Band
	MASC70 measurement result [dBm/120kHz]
	Average
approach
	Average
value
	Max-Min
deviation

	
	
	Lab A
	Lab B
	Lab C
	Lab D
	Lab E
	
	
	

	PAD 1
	n261
	-104.97
	-101.79
	-100.64
	　
	　
	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
	　
	　
	± 0.75*preliminary MU, i.e., ± 3.79 dB

	PAD 2
	n261
	-2.87
	0.77
	1.82
	　
	0.28
	

	PAD 3
	n261
	-2.44
	1.04
	1.74
	　
	-0.35
	

	PAD 4
	n257
	-2.47
	0.49
	1.70
	　
	0.28
	

	Lab alignment conclusion 
	Pass
	Pass
	Pass
	TBA
	Pass
	
	
	



Figure 2 presents the 1st round MASC measurement results, and Figure 3 visualizes the deviations between each MASC measurement results and average values. 

Figure 2. The 1st round FR2 MIMO OTA lab alignment measurement results

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 the 1st round. The maximum deviation between different labs is 4.69 dB, which is within one preliminary MU. No outlier value is observed. 
Observation 2: The average value of each PAD is derived by the linear average (in dB) of all the 1st round measurement results. The maximum deviation between measurement results and average values is -2.87 dB, which is about 0.57*preliminary MU. 
Observation 3: The performance rankings of the PADs are consistent across different labs. 
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 in the 1st round 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 an analysis of the 1st round FR2 MIMO OTA lab alignment results.
Observation 1: Four volunteer labs provided their measurement results for FR2 MIMO OTA lab alignment in the 1st round. The maximum deviation between different labs is 4.69 dB, which is within one preliminary MU. No outlier value is observed. 
Observation 2: The average value of each PAD is derived by the linear average (in dB) of all the 1st round measurement results. The maximum deviation between measurement results and average values is -2.87 dB, which is about 0.57*preliminary MU. 
Observation 3: The performance rankings of the PADs are consistent across different labs. 
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 in the 1st round 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. 

(a) PAD 1

(b) PAD 2

(c) PAD 3

(d) PAD 4
Figure A-1. Measured sensitivity values at each test point
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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 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	



