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1. Introduction
At the last RAN4 meeting (RAN4#90 in Athens) the challenges [1, 2] related to OTA ON/OFF power requirement was discussed extensively. The outcome from the discussions was captured in a way-forward contribution in [3]. 
From previous meetings the test complexity and open issued related to measurements of the transmit OFF power level and transient period based on TRP have not been resolved. This means that last version of Rel-15 conformance test specification (TS 38.141-2), does not define test requirement and test procedure of TDD OFF power for FR2 BS.
At the last meeting, guidance for this meeting was agreed in a way-forward in [3]. The way-forward can be summarized as:
1. Verify that the signal at the measurement receiver input is within the dynamic range.
2. Develop test method for transient period.
3. Establish measurement uncertainty. 
4. Capture technical background in TR 38.817-02, subclause 9.5.1.3.
5. Capture test requirement and test procedure in TS 38.141-2, subclause 6.5.
In this contribution we present solutions to progress the work with FR2 OTA transmit ON/OFF power requirement. In companion contributions [4, 5, 6], CRs to TS 38.104 and TS 38.141-2 have been created.

2. Discussion
Since TDD systems use the same frequencies for both downlinks and uplinks, they have an advantage of good frequency usage efficiency, but on the other hand, if the timeslot synchronization accuracy and the power control during the transmit OFF-period are inadequate, there is a risk of interference between the downlink and uplink. To prevent this problem, RAN4 have defined the OTA transmit ON/OFF power requirement for BS type 2-O with the intention of securing base station signal quality. The requirement specifies the downlink signal transition timing as well as the power during the transmit OFF period. To verify the requirement, measurement equipment with extremely high dynamic range as well as a low noise floor is required. 
The TDD OFF power RF core requirement consists of two parts; 
1. Maximum allowed transmitter OFF period power level.
2. Maximum allowed transient period time. 
The first part specifies the maximum allowed transmitter OFF TRP level guaranteeing uplink performance at the neighbouring base station. The OFF-period power level is denoted TRPOFF as a spectral density in dBm/MHz. The wanted signal output power is denoted TRPON in dBm for specific carrier bandwidth.
The second part specifies the transient period between switching between the transmitter on period, where the base station is transmitting a power level TRPON and the OFF-period where the radiated leakage emission is denoted TRPOFF. The transmitter transient period is the time in s during which the transmitter is changing from the OFF period to the ON period or vice versa.


2.1 Core Requirement 
In Table 2.1-1, the essential details for the requirement from TS 38.104, subclause 9.5 is listed. The technical background for the requirement is documented in TR 38.817-02, subclause 9.5.1.3.
Table 2.1-1: Minimum requirement parameters
	Transition

	Transition period 
(s)
	TX OFF TRP Level
(dBm/MHz)

	OFF to ON
	3
	-36

	ON to OFF
	3
	



The TRP OFF power is defined as the mean power measured over t µs filtered with a square filter of bandwidth equal to the transmission bandwidth B Hz centred on the assigned channel frequency during the transmitter OFF period, where 
		(Eq. 2.1-1)
 		(Eq. 2.1-2)
, where SCS is the Sub Carrier Spacing in Hz.

2.2 Conformance Test Requirement 
Since RAN4 have decided to follow the approach to measure EIRP, even though the RF core requirement is defined as TRP, a conversion is required. In [3] RAN4, decided to use the directivity related to the full array antenna to derive the EIRP test requirement level. The directivity related to the full array antenna can be established by using information from testing radiated transmit power and BS output power. In Table 2.2-1, the essential details for the conformance test requirement from TS 38.141-2, subclause 6.5. 
Table 2.2-1: TX OFF test requirement level
	Transition

	TX OFF EIRP Level
(dBm/MHz)

	OFF to ON
	

	ON to OFF
	

	Note: EIRPON,meas is extracted from measurements on highest intended EIRP for the narrowest supported beam, defined in TS 38.141-2, subclause 6.2.
Note: TRPON,meas is extracted from measurements defined in TS 38.141-2, subclause 6.3.



At present time, the test tolerances for the test requirements are not determined. 
Proposal 1:
Convert RF core TRP level to conformance test EIRP level, using the measured values of EIRPON,meas and TRPON,meas.

2.3 Test Procedure
The test procedure to be captured in TS 38.141-2, subclause 6.5.2.4.2.3 can be described as:
1. Place the BS at the positioner
2. Align the manufacturer declared coordinate system orientation (D.2) of the BS with the test system.
3. Set the BS to transmit according to the applicable test configuration in TS 38.141-2, subclause 4.7 using the corresponding test model NR-FR2-TM1.1 and set of physical channels in TS 38.141-2, subclause 4.9.2.
4. Measure the mean power spectrum density (as power sum of two orthogonal polarizations (p1 and p2) as visualized in Figure 2.4-1) over 70/N μs filtered with a square filter of bandwidth equal to the RF bandwidth of the NR BS centred on the central frequency of the RF bandwidth. 70/N μs average window centre is set from 35/N μs after end of one transmitter ON period + 10 μs to 35/N μs before start of next transmitter ON period - 10 μs. N = SCS/15, where SCS is Sub Carrier Spacing in kHz.

Proposal 2:
[bookmark: _GoBack]Include described test procedure for FR2 TDD OFF power requirement in TS 38.141-2, subclause 6.5.2.4.2.3.
2.4 Test Setup 
A measurement environment capable of measuring TDD OFF power and transient period must have the capability to measure both the ON-period power as well of the OFF-period power, to be able to determine the transient period. The transient period measurement is divided into two cycles, where the ON-period power is measured first, and the OFF-period power is measured in the second cycle. For the second cycle the gain of the signal analyser is set to that the emission can be detected.  
[image: ]
Figure 2.4-1: OTA Test Setup 
For many test objects operating at FR2 frequencies the antenna aperture area allows for testing using a direct far-field test setup. With direct far-field, the test object and measurement antenna are separated a distance d. The distance is selected to fulfil the far-field criteria defined as:
	(Eq. 2.4-1)
, where D is related to the largest physical dimension of the test object and  is the wave length related to the operating frequency. For simplicity, the largest dimension is calculated as the antenna aperture diagonal for a NxN URA antenna with 0.5 element separation. For this type of antenna geometry, the diagonal is determined by:
	(Eq. 2.4-2)
, where N is the number of elements per polarization along both rows and columns and  is the wave length. The far-field distance, d and the antenna aperture diagonal length, D for a NxN URA antenna is listed in Table 2.4-1.
Table 2.4-1: Aperture diagonal and far-field distance
	

No of elements
N
	Aperture diagonal 
D (m)
	Far-field distance
d (m)
	FSPL
(dB)

	
	Example frequency
(GHz)

	
	28
	40
	28
	40
	28
	40

	2
	0.02
	0.01
	0.04
	0.03
	34
	34

	4
	0.03
	0.02
	0.17
	0.12
	46
	46

	8
	0.06
	0.04
	0.69
	0.48
	58
	58

	16
	0.12
	0.08
	2.74
	1.92
	70
	70

	32
	0.24
	0.17
	10.97
	7.68
	82
	82



It can be noticed the Free space path loss (FSPL) does not vary between 28 GHz and 40 GHz for a specific antenna geometry. Also, for configuration where N=8 or smaller, direct far-field is interesting to consider. For a direct far-field test range where the test distance can be optimized for the largest dimension, the FSPL can be fixed over frequency. For larger test distances associated to N>8 it is more convenient to use a Compact Antenna Test Range (CATR).
In Figure 2.4-2, a link budget for the measurement receiver is visualized, assuming direct far-field test range to be used.
[image: ]
Figure 2.4-2: Link budget evaluation
Based on the assumption relevant for the test object that the directivity is 27 dBi and values given for the link budget in Figure 2.4-2, the SNR at the measurement receiver (signal/spectrum analyser) is calculated and listed in Table 2.4-2.

Table 2.4-2: SNR at measurement receiver 
	Frequency
(GHz)
	ON-period SNR
(dB)

	OFF-period SNR
(dB)

	28
	67 to 92
	28

	40
	67 to 92
	22



From the SNR values, it seems reasonable to adopt a testing approach where limiters and a controlled attenuator is suppressing the ON period signal to protect the measurement receiver from overloading. The SNR at the OFF-period allows for some margins to achieve appropriate measurement uncertainty. 

2.5 Measurement Uncertainty Evaluation
In Table 2.5-1, the measurement uncertainty assessment for TDD OFF EIRP level is captured. 
Table 2.5-1: Direct far-field uncertainty assessment for transmitter EIRP OFF level 
	UID (Note 1)
	Uncertainty Source
	Uncertainty value
24.25<f
<29.5GHz
	Uncertainty value
37<f
<40GHz
	Distribution of the probability
	Divisor based on distribution shape
	ci 
	Standard uncertainty ui (dB)
[bookmark: _Hlk524986903]24.25<f
<29.5GHz
	Standard uncertainty ui (dB)
[bookmark: _Hlk524986944]37<f
<40GHz

	Stage 2: DUT measurement

	E2-1
	Misalignment DUT & pointing error
	0.2
	0.2
	Exp. normal
	2
	1
	0.1
	0.1

	E2-2
	Signal analyser
	0.7
	0.9
	 Gaussian
	1
	1
	0.7
	0.9

	E2-3
	Standing wave between DUT and test range antenna
	0.21
	0.21
	U-shaped
	√2
	1
	0.03
	0.03

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Gaussian
	1
	1
	0.01
	0.01

	E2-5
	QZ ripple with DUT
	0.4
	0.4
	Gaussian
	1
	1
	0.4
	0.4

	E2-16
	Frequency flatness
	0.25
	0.25
	Gaussian
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	E2-6
	Network Analyzer
	0.3
	0.3
	Gaussian
	1
	1
	0.3
	0.3

	E2-7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.43
	0.57
	U-shaped
	√2
	1
	0.21
	0.26

	E2-8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0.1
	0.1

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Gaussian
	1
	1
	0.01
	0.01

	E2-9
	Influence of the calibration antenna feed cable
	0.21
	0.29
	U-shaped
	√2
	1
	0.15
	0.2

	E2-10
	SGH Calibration uncertainty
	0.52
	0.52
	Rectangular
	√3
	1
	0.25
	0.25

	E2-11
	Misalignment positioning system
	0.2
	0.2
	Exp. normal
	2
	1
	0.1
	0.1

	E2-1
	Misalignment SGH and pointing error
	0.5
	0.5
	Exp. normal
	2
	1
	0.25
	0.25

	E2-12
	Rotary joints
	0
	0
	U-shaped
	√2
	1
	0
	0

	E2-3
	Standing wave between SGH and test range antenna
	0.09
	0.09
	U-shaped
	√2
	1
	0.06
	0.06

	E2-5
	QZ ripple with SGH
	0.009
	0.009
	Gaussian
	1
	1
	0.009
	0.009

	E2-15
	Switching uncertainty
	0.43
	0.43
	Rectangular
	√3
	1
	0.1
	0.1

	Combined standard uncertainty (1σ) (dB)


	1.02
	1.18

	Expanded uncertainty (1.96σ - confidence interval of 95 %) (dB)


	2.00
	2.31

	Note 1:	UID are referenced to 3GPP TR 37.843.



The MU evaluation is based on FR2 EIRP and adapted for TDD OFF power by allocate larger uncertainty due to lower levels to be measured. Currently, the structure of TR 38.817-02 has no defined place for the MU evaluation for FR2 TDD OFF power.

Proposal 3:
Include the provided MU evaluation table in TR 38.817-02, subclause 12.3. 

2.6 Test directions
It is appropriate to test TX OFF level and transient period at one beam direction included in the declared beam direction pairs within the OTA peak direction set, showed in Figure 2.6-1.
[image: ]
Figure 2.6-1: Test directions
Unlike radiated transmit power requirement, it is sufficient to test the TDD OFF power requirement at one single direction. In Figure 2.6-1, an example of test direction is visualized in yellow. On solution would be to re-use a test direction used for radiated transmit power. A suitable candidate would be the declared direction referred to as OTA peak directions set reference beam direction pair (D.8).

Proposal 4:
Test FR2 TDD OFF power and transient period at one declared beam direction. 
















3. Conclusion
In this contribution information pointed out in the way-forward from last meeting was presented as well as some proposal to progress the work to finalize the conformance test specification with respect to FR2 TDD OFF power requirement.
The following proposals is presented for approval:

Proposal 1:
Convert RF core TRP level to conformance test EIRP level, using the measured values of EIRPON,meas and TRPON,meas.

Proposal 2:
Include described test procedure for FR2 TDD OFF power requirement in TS 38.141-2, subclause 6.5.2.4.2.3.

Proposal 3:
Include the provided MU evaluation table in TR 38.817-02, subclause 12.3. 

Proposal 4:
Test FR2 TDD OFF power and transient period at one declared beam direction. 

In companion contributions [4, 5, 6], multiple CRs have been prepared to implement proposals and add missing information.

4. References
[1]	R4-1815315, “On test aspects for FR2 TDD OFF power and transient period”, Ericsson, RAN4#89
[2] 	R4-1900493, “Comments on WF (R4-186577) concerning options for measuring FR2 OTA Txoff power and Txon/off transient.”, Keysight, RAN4#90
[3]	R4-1902286, “WF on FR2 Transient Period”, Keysight, RAN4#90
[4]	R4-1903450, “Draft CR to TR 38.141-2: Addition of TDD OFF level test requirement text in subclause 6.5”, Ericsson, RAN4#90bis
[5]	R4-1903457, “Draft CR to TS 38.104: Removal of FFS for FR2 TDD OFF power level requirement in subclause 9.5”, Ericsson, RAN4#90bis
[6]	R4-1903458, “Draft CR to TS 38.141-2: Update with respect to FR2 TDD OFF power in table 4.1.1-1”, Ericsson, RAN4#90bis


3GPP
image2.emf
EIRP

OFF

= TRP

OFF

+ D = -36 dBm/MHz + 27 dBi = -9 dBm/MHz

RF core level

Directivity, extracted from testing 

Radiated transmit power and BS output power

L = 60 dB

G = 10 dBi

EIRP

ON

= 50 to 75 dBm/100 MHz = 30 to 55 dBm/MHz

L = 60 dB

G = 10 dBi

Ls

w 

= 3 dB

L

cable 

= 12 dB

EIRP

OFF

N

0

N

0 

= -102 dBm/MHz @ 28 GHz

N

0

= -96 dBm/MHz @ 40 GHz

SNR

ON

SNR

OFF

Ls

w 

= 3 dB

L

cable 

= 12 dB


image3.wmf
å

=

=

m

i

i

i

c

u

c

u

1

2

2


oleObject1.bin

image4.wmf
c

e

u

u

96

.

1

=


oleObject2.bin

image5.emf
j

q

Beam direction pair(s)

OTA peak direction set


image1.emf
Positioner

Test 

object

Signal 

analyzer

Switch

Synchronization signal

d

p

1

p

2

Limiter

G

ant


