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1.	Introduction
In the latest TS 38.521-2 [1], FR2 test cases are not completed for FR2c because MTSU was not defined. This discussion paper starts the MU discussion on FR2c. Unless otherwise commented, observations and proposals in this paper is for PC3, CBW  400 MHz, NTC, IFF, max device size  40 cm.

2.	Discussion
[bookmark: _Hlk60670583]2.1.	Operating band n259
For FR2, the frequency sub-range and operating bands are defined as below [1].
For the purpose of derivation of Maximum Test System Uncertainty (MTSU) in Annex F, the frequency range FR2 is further divided into sub-ranges  as shown in Table 5.1-2. These FR2 sub-ranges are also referred to as part of definition of test tolerance within the individual test cases.
Table 5.1-2: Definition of frequency sub-ranges
	Frequency sub-range designation
	Corresponding frequency range

	FR2a
	23.45 GHz ≤ f < 32.125 GHz

	FR2b
	32.125 GHz ≤ f < 40.8 GHz

	FR2c
	40.8GHz ≤ f < 44.3GHz

	FR2d
	44.3 GHz ≤ f < 49.0 GHz


Table 5.2-1: NR operating bands in FR2
	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	n257
	26500 MHz
	–
	29500 MHz 
	26500 MHz
	–
	29500 MHz 
	TDD

	n258
	24250 MHz
	–
	27500 MHz
	24250 MHz
	–
	27500 MHz
	TDD

	n259
	39500 MHz
	–
	43500 MHz
	39500 MHz
	–
	43500 MHz
	TDD

	n260
	37000 MHz
	–
	40000 MHz
	37000 MHz
	–
	40000 MHz
	TDD

	n261
	27500 MHz
	–
	28350 MHz
	27500 MHz
	–
	28350 MHz
	TDD


According to the above definition, n259 (39.5 GHz – 43.5 GHz) spreads across FR2b (32.125 GHz – 40.8 GHz) and FR2c (40.8 GHz – 44.3 GHz), which means there are two different MTSU/TT/relaxations in one operating band. For example, low range will be judged with TT of FR2b, but mid range and high range will be judged with TT of FR2c. However, the difference of testability between FR2b and FR2c is mainly caused by the difference of test level for each operating band, so adopting two different MTSU/TT/relaxation to one operating band is not appropriate in terms of testability analysis accuracy. In order to solve this issue, it is appropriate to adopt MTSU/TT/relaxation for FR2c to all over the frequency range of n259.
Observation 1: FR2 operating band n259 (39.5 GHz – 43.5 GHz) spreads across FR2b (32.125 GHz – 40.8 GHz) and FR2c (40.8 GHz – 44.3 GHz).
[bookmark: _Ref133931836]Proposal 1: Adopt MTSU/TT/relaxation for FR2c to all over the frequency range of n259.
Note that this proposal affects all over the uncertainty assessment sheets in TR 38.903. Considering CR making effort, a CR reflecting this proposal in TR 38.903 is not submitted at this time, but will be submitted at the next RAN5 meeting once this proposal has been agreed.

2.2.	Testability
Following shows our analysis on our testability analysis and required relaxations for each test case based on the core requirements [2][3] and the current agreement on the testability of FR2b [4]. Note that the degradation of TE noise floor 1 dB used in the following analysis is obtained by the increasement of free-space path loss and the circuit loss due to the higher frequency from FR2b to FR2c.

MOP (EIRP, TRP):
Considering that the absolute test level is enough higher than the TE noise floor, SNR for FR2c can be the same as that for FR2b. There is no testability issue and relaxation is not required.

MOP (Spherical coverage):
Considering the difference of test level, the increasement of path-loss due to the higher frequency, and TE settings, SNR for FR2c is 5.9 dB. There is no testability issue and relaxation is not required.

MPR:
SNR for FR2b is 11.35 dB due to the 5.85 dBm/CBW test level and the -5.5 dBm/400 MHz TE noise floor. Considering that the possible minimum test level for FR2c is 4.2 dBm/CBW and the TE noise floor is degraded by 1 dB due to the higher frequency, SNR for FR2c is 8.7 dB. There is no testability issue and relaxation is not required. Note that the possible minimum test level for FR2c is calculated from the minimum peak EIRP = 18.7 dBm, MPR = 9 dB, T(MPR) = 5 dB, and MBR = 0.5 dB

Minimum output power:
As same as FR2b, there is testability issue due to low UL power. Considering that the core requirements of FR2b and FR2c are the same and the TE noise floor is degraded by 1 dB due to the higher frequency, the required relaxation for FR2c is 1 dB larger than that for FR2b. The concrete required relaxation values for FR2c are 5.5 dB for CBW = 50 MHz, 8.5 dB for CBW = 100 MHz, 11.5 dB for CBW = 200 MHz, and 14.5 dB for CBW = 400 MHz.

Frequency error
In principle, the measurement uncertainty for frequency error is considered to be proportional to the measurement target frequency. The MTSU is already represented as the ppm unit, so the current MTSU +/- 0.01 ppm can be adopted for FR2c.

OBW:
MTSU for FR2b is +/- 0.4 %CBW for CBW  100 MHz and +/- 1.3 %CBW for CBW  400 MHz. Considering the 1 dB larger path-loss than FR2b and 1.65 dB lower possible minimum UE output level for FR2c, the measurement uncertainty for FR2c meets the FR2b MTSU for CBW  200 MHz but is around +/- 2 %CBW to +/- 6 %CBW for CBW = 400 MHz. We propose to not test CBW = 400 MHz.

SEM:
In this test case, TE is adjusted to the peak EIRP for avoiding amplifier compression due to in-band signal, so the testability is limited by the TE dynamic range between the peak EIRP and the testing level. Considering that the core requirements of FR2b and FR2c are the same and both of the in-band signal and spurious emissions are affected by the increased path-loss due to the higher frequency, the TE dynamic range and SNR for FR2c are the same as those for FR2b. There is no testability issue and relaxation is not required.

ACLR:
Following table shows the testability at each test point and each CBW. In the table, test points that can be tested with ΔSNR ≤ 1.0 dB are marked in green, and others are marked in red. According to the previous approach for FR2b [5], we propose to skip red marked test points due to low UL power. Note that the SNR is calculated from the minimum peak EIRP = 18.7 dBm, MPR + T(MPR) + MBR at each test point, ACLR requirement = 16 dB, and TE noise floor = -4.5 dBm/400 MHz.
[bookmark: _Ref133853977]Table 1 Testability of ACLR test points for FR2c
	Test ID
	Adjacent channel level [dBm]
	SNR [dB]
	Influence of noise [dB]

	
	50 MHz – 200 MHz
	400 MHz
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	1
	-2.3
	-2.8
	11.2
	8.2
	5.2
	1.7
	0.32
	0.61
	1.14
	2.24

	2
	-2.3
	-2.8
	11.2
	8.2
	5.2
	1.7
	0.32
	0.61
	1.14
	2.24

	3
	-1.3
	-2.8
	12.2
	9.2
	6.2
	1.7
	0.25
	0.49
	0.93
	2.24

	4
	-2.3
	-2.8
	11.2
	8.2
	5.2
	1.7
	0.32
	0.61
	1.14
	2.24

	5
	-2.3
	-2.8
	11.2
	8.2
	5.2
	1.7
	0.32
	0.61
	1.14
	2.24

	6
	-1.3
	-2.8
	12.2
	9.2
	6.2
	1.7
	0.25
	0.49
	0.93
	2.24

	7
	-4.3
	-6.3
	9.2
	6.2
	3.2
	-1.8
	0.49
	0.93
	1.70
	4.00

	8
	-4.3
	-6.3
	9.2
	6.2
	3.2
	-1.8
	0.49
	0.93
	1.70
	4.00

	9
	-4.3
	-6.3
	9.2
	6.2
	3.2
	-1.8
	0.49
	0.93
	1.70
	4.00

	10
	-8.3
	-9.3
	5.2
	2.2
	-0.8
	-4.8
	1.14
	2.04
	3.42
	6.04

	11
	-8.3
	-9.3
	5.2
	2.2
	-0.8
	-4.8
	1.14
	2.04
	3.42
	6.04

	12
	-8.3
	-9.3
	5.2
	2.2
	-0.8
	-4.8
	1.14
	2.04
	3.42
	6.04

	13
	-4.8
	-6.8
	8.7
	5.7
	2.7
	-2.3
	0.55
	1.03
	1.86
	4.31

	14
	-4.8
	-6.8
	8.7
	5.7
	2.7
	-2.3
	0.55
	1.03
	1.86
	4.31

	15
	-4.8
	-6.8
	8.7
	5.7
	2.7
	-2.3
	0.55
	1.03
	1.86
	4.31



REFSENS:
There is no testability issue and relaxation is not required.

EIS spherical coverage:
There is no testability issue and relaxation is not required.

ACS:
The available interferer level at the center of the quiet zone for FR2b is -56 dBm. Considering the 1 dB larger path-loss than FR2b, the available interferer level for FR2c is -57 dBm. Therefore, the interferer levels of -53.2 dBm for CBW = 50 MHz and -50.2 dBm for CBW = 100 MHz in case 1 needs to be relaxed by 3.8 dB and 6.8 dB respectively for FR2c. Note that case 2 and CBW > 100 MHz for case 1 are not testable as same as FR2b.

In-band blocking:
Same as ACS (case 1)

The above testability analysis is summarized as below.
[bookmark: _Ref133932087]Table 2 Summary of testability analysis for FR2c
	Test case
	Testability

	MOP (EIRP, TRP)
	No testability issue
SNR is the same as FR2b.

	MOP (Spherical coverage)
	No testability issue
SNR = 5.9 dB

	MPR
	No testability issue
SNR = 8.7 dB

	Minimum output power
	Relaxation of 1 dB larger than FR2b is required due to low UL power.
SNR is the same as FR2b, when the required relaxation is applied.

	Frequency error
	No testability issue
MTSU is the same as FR2b.

	OBW
	MTSU for CBW ≤ 200 MHz is the same as FR2b.
CBW = 400 MHz is not testable due to low UL power.

	SEM
	No testability issue
SNR is the same as FR2b.

	ACLR
	The red marked test points in Table 1 are not testable due to low UL power.
SNR is the same as FR2b at the green marked test points in Table 1.

	REFSENS
	No testability issue

	EIS spherical coverage
	No testability issue

	ACS
	For case 1, the interferer level needs to be relaxed by 3.8 dB for CBW = 50 MHz and 6.8 dB for CBW = 100 MHz due to high DL power.
Case 1 with CBW > 100 MHz and case 2 are not testable.

	In-band blocking
	Same as ACS (case 1)


[bookmark: _Ref115698727][bookmark: _Ref109904402]According to Table 2, we propose the following relaxations/test points for FR2c, PC3, CBW  400 MHz, IFF, max device size  40 cm.
[bookmark: _Ref133933289]Proposal 2: Do not relax the test requirement of MOP (EIRP, TRP) for FR2c.
[bookmark: _Ref133931845][bookmark: _Ref115698732]Proposal 3: Do not relax the test requirement of MOP (Spherical coverage) for FR2c.
[bookmark: _Ref133931846]Proposal 4: Do not relax the test requirement of MPR for FR2c.
[bookmark: _Ref133931848]Proposal 5: Relax the test requirement of Minimum output power for FR2c by 5.5 dB for CBW = 50 MHz, 8.5 dB for CBW = 100 MHz, 11.5 dB for CBW = 200 MHz, and 14.5 dB for CBW = 400 MHz.
[bookmark: _Ref133931856]Proposal 6: Do not relax the test requirement of Frequency error for FR2c.
[bookmark: _Ref133931858]Proposal 7: For FR2c OBW test case, do not relax the test requirement for CBW  200 MHz and do not test CBW = 400 MHz.
[bookmark: _Ref133931859]Proposal 8: Do not relax the test requirement of SEM for FR2c.
[bookmark: _Ref133931861]Proposal 9: For FR2c ACLR test case, do not relax the test requirement of the green marked test points in Table 1 and do not test others.
[bookmark: _Ref133931862]Proposal 10: Do not relax the test requirement of REFSENS for FR2c.
[bookmark: _Ref133931863]Proposal 11: Do not relax the test requirement of EIS spherical coverage for FR2c.
[bookmark: _Ref133931865]Proposal 12: For FR2c ACS test case, relax the test requirement of case 1 by 3.8 dB for CBW = 50 MHz and 6.8 dB for CBW = 100 MHz, and do not test case 1 for CBW > 100 MHz and case 2.
[bookmark: _Ref133933426]Proposal 13: For FR2c In-band blocking test case, relax the test requirement by 3.8 dB for CBW = 50 MHz and 6.8 dB for CBW = 100 MHz, and do not test CBW > 100 MHz.

2.3.	MU element
Quality of Quiet Zone
Uncertainty value of Quality of Quiet Zone for FR2c has been already discussed and agreed to be 0.1 dB larger than that for FR2b [4].

Mismatch
We assume 1.40 dB for uncertainty value of Mismatch for FR2c that is 0.1 dB larger than that for FR2b due to the increased VSWR specification depends on the connector type. Note that the uncertainty value for relative measurement is multiplied by root 2 [6] and is 1.98 dB.

Influence of noise
Based on the testability analysis in clause 2.2, influence of noise for FR2c is calculated as below.
[bookmark: _Ref133920451]Table 3 Influence of noise for FR2c
	Test case
	Influence of noise

	MOP (EIRP, TRP)
	0.3 dB

	MOP (Spherical coverage)
	1.0 dB

	MPR
	0.55 dB

	Minimum output power
	1.0 dB (with relaxation)

	SEM
	1.0 dB

	ACLR
	1.0 dB (at testable test points)



Other MU elements
We assume that other MU elements for FR2c do not change significantly from that for FR2b.

[bookmark: _Ref133931870]According to the above analysis, we propose the following uncertainty values for FR2c, PC3, CBW  400 MHz, IFF, max device size  40 cm.
[bookmark: _Ref133933365]Proposal 14: Adopt 1.40 dB (1.98 dB for relative measurement) for uncertainty value of Mismatch for FR2c.
[bookmark: _Ref133931871]Proposal 15: Adopt Table 3 for uncertainty value of Influence of noise for FR2c.

2.4.	Total MU
Based on the above analysis in clause 2.1 and 2.2, total MU for each test case is calculated as below.
[bookmark: _Ref109835671]Table 4 Summary of total MU in each test case
	Test case
	Testability

	MOP (EIRP)
	5.31 dB

	MOP (TRP)
	4.83 dB

	MOP (Spherical coverage)
	5.51 dB

	MPR
	5.56 dB

	Minimum output power
	6.35 dB

	Frequency error
	0.01 ppm

	OBW
	

	BW = 50 MHz
	0.4 %

	BW = 100 MHz
	0.4 %

	BW = 200 MHz
	1.3 %

	SEM
	5.53 dB

	ACLR
	6.29 dB

	REFSENS
	5.39 dB

	EIS spherical coverage
	5.09 dB

	ACS (case 1)
	8.11 dB

	In-band blocking
	8.11 dB


[bookmark: _Ref122619827][bookmark: _Ref115793431]Proposal 16: Adopt Table 4 for MTSU for FR2c, PC3, CBW  400 MHz, NTC, IFF, max device size  40 cm.


3.	Conclusion
RAN5 is asked to endorse following proposals for FR2c, PC3, CBW  400 MHz, IFF, max device size  40 cm.
Proposal 1: Adopt MTSU/TT/relaxation for FR2c to all over the frequency range of n259.
Proposal 2: Do not relax the test requirement of MOP (EIRP, TRP) for FR2c.
Proposal 3: Do not relax the test requirement of MOP (Spherical coverage) for FR2c.
Proposal 4: Do not relax the test requirement of MPR for FR2c.
Proposal 5: Relax the test requirement of Minimum output power for FR2c by 5.5 dB for CBW = 50 MHz, 8.5 dB for CBW = 100 MHz, 11.5 dB for CBW = 200 MHz, and 14.5 dB for CBW = 400 MHz.
Proposal 6: Do not relax the test requirement of Frequency error for FR2c.
Proposal 7: For FR2c OBW test case, do not relax the test requirement for CBW  200 MHz and do not test CBW = 400 MHz.
Proposal 8: Do not relax the test requirement of SEM for FR2c.
Proposal 9: For FR2c ACLR test case, do not relax the test requirement of the green marked test points in Table 1 and do not test others.
Proposal 10: Do not relax the test requirement of REFSENS for FR2c.
Proposal 11: Do not relax the test requirement of EIS spherical coverage for FR2c.
Proposal 12: For FR2c ACS test case, relax the test requirement of case 1 by 3.8 dB for CBW = 50 MHz and 6.8 dB for CBW = 100 MHz, and do not test case 1 for CBW > 100 MHz and case 2.
Proposal 13: For FR2c In-band blocking test case, relax the test requirement by 3.8 dB for CBW = 50 MHz and 6.8 dB for CBW = 100 MHz, and do not test CBW > 100 MHz.
Proposal 14: Adopt 1.40 dB (1.98 dB for relative measurement) for uncertainty value of Mismatch for FR2c.
Proposal 15: Adopt Table 3 for uncertainty value of Influence of noise for FR2c.
Proposal 16: Adopt Table 4 for MTSU for FR2c, PC3, CBW  400 MHz, NTC, IFF, max device size  40 cm.
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