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<Start of modified section>
[bookmark: _Toc535246996]9.5	OTA Transmit ON/OFF power
[bookmark: _Toc535246997]9.5.1	OTA Transmitter OFF power
[bookmark: _Toc535246998]9.5.1.1	General
OTA transmitter OFF power is defined as the mean power measured over 70/N s filtered with a square filter of bandwidth equal to the Base Station RF transmission Bandwidth (s) centred on the assigned channel frequency of the Base Station RF Bandwidth (s) during the transmitter OFF period. N = SCS/15, where SCS is Sub Carrier Spacing in kHz. For BS type[s] 1-O and [2-O], the transmitter OFF power is defined as the output power at the co-location reference antenna. [For BS type 2-O the transmitter OFF power is defined as the TRP.] For BS capable of multi-band operation, the requirement is agreed to be only applicable during the transmitter OFF period in all supported operating bands, same as is currently applied for E-UTRA BS.
[bookmark: _Toc535246999]9.5.1.2	OTA Transmitter OFF power for NR BS 1-O
The transmitter OFF power spectral density for NR BS 1-O is a co-location requirement. The requirement is defined at the co-location reference antenna conductive output side.
The requirements for transmitter OFF power spectral density threshold at the co-location reference antenna is calculated based on the following formula - 85dBm/MHz – 30dB + X dB, where the scaling factor X is equal 9dB. This leads to a transmitter OFF power spectral density threshold of -106 dBm/MHz which is adopted as the minimum requirement in the technical specifications for NR BS type 1-O.
[bookmark: _Toc535247000]9.5.1.3	OTA Transmitter OFF power for NR BS Type 2-O
For BS Type 1-O three cases are analyzed:
-	Own receiver – this is possible but, it is unlikely a TDD system will have separate Tx and Rx antennas so will be identified by the RX sensitivity requirement even for a conducted system.
-	Co-located receivers – the requirement is measured for the Tx channel – however the same noise can be expected across the whole operational band. Other co-located receivers using other channels in the band are hence protected.
-	Same geographical area receivers – most co-location requirements in the same geographical area assume a reasonable separation between BS’s, hence the isolation is assumed to be greater.
In the case of inter-site interference, the TDD system must be dimensioned with a Guard Period which corresponds to the cell size and its corresponding propagation delay. If we assume that the cell size corresponds to an ISD of d as illustrated in Figure 9.5.1.3-1, we can then calculate the OFF power interference at the neighboring site that can be tolerated as follows.
d

Figure 9.5.1.3-1: The inter site interference propagation case
Assume the Total Radiated Power Off Power,  , from an interfering site traverse a path loss  to reach the victim receiver. The power at the victim receiver array is then:
	
The off power into each victim transceiver equipped with an element receive gain of  ,becomes:
	
The total off power fed into the whole array of  transceivers, then becomes:
	
If we assume the margin for a given noise increase in the system is  dB and the applicable bandwidth of  Hz, we get the total noise in the system as:
	
From equations  (1) and (2) we get
	
The path loss  can be estimated using the 3GPP model for NLOS case:
Where:
-	d is in km, and f in GHz
	=
By assuming the following parameters for the path loss :
-	 = 1 MHz
-	= 10 dB
-	= 6 dB, for 1 dB noise rise  
-	 = 128 transceivers
-	= 6 dB
-	 = 28 GHz
-	 = 100 m
-	 = 25 m
-	 = 1.5 m
We get a value for = 117 dB. However, when considering interference, the NLOS case is not the limiting factor but rather the LOS case. In 3GPP we have 2 LOS models LOS1 and LOS2. The path loss  for each of these LOS models can be expressed as follows:
	, at LOS1
	, at LOS2
LOS1 model is used for the Urban environment which is characterized by shorter distance.
We get = 101 dB and the corresponding off power = - 36 dBm/MHz.
This value of -36dBm/MHz can then be a candidate to be adopted as the Transmitter off power for BS Type 2-O if test equipment can measure such low power at FR2.
This value can be measured either as TRP or at the output of the colocation reference antenna.
In case of transmit power off measurement as a TRP, the transient time can also be measured as a relative EIRP measurement.
For the colocation interference scenario corresponds to when the base stations of two operators mutually interfere with each other simultaneously. A typical configuration is shown in Figure 9.5.1.3-2 where both antennas are mounted on the same vertical plane. The most difficult case is when both operators coexist in the same band.
The TDD network is synchronized to within a TSync, Cell Phase Sync requirement and the Guard Period TGUARD is dimensioned to cope with the cell size and the transient times:
	TGUARD ≥ 2* TSync + 2*Tprop_cell edge +max ((TBS on off), (TUE off on)) + max ((TBS off on), (TUE on off))
The synchronization assumption, the guard period and the assumptions that UL and DL TDD configurations are coordinated so that only the TDD OFF power needs to be considered.

d

Figure 9.5.1.3-2: Colocation interference scenario
This colocation scenario is governed by the OTA reference sensitivity. Equipment not conforming to reference sensitivity requirements would self desense their own transceiver array and its neighboring sectors, even in its own channel. In this colocation case we would have some additional protection, since this is a neighbor carrier, even if it is in the same band.
For the scenario of sector site example, where different sectors are installed within one site. This scenario is also governed by the OTA reference sensitivity. Equipment not conforming to reference sensitivity requirements would self desense their own transceiver array and its neighboring.
In summary, the transmit OFF power spectral density for NR BS type 2-O can be specifiedconsidered as TRP with a value less less than -36 dBm/MHz[-36 dBm/MHz] is and adopted as the core requirement if test equipment can measure this TRP power level. For conformance testing, the transmitter OFF power level is estimated from the maximum EIRP value measured in the beam peak direction within a reference beam direction pair and the antenna directivity  during transmitter OFF power using the beam-based directions method (as described in 3GPP TR 37.843, subclause 10.8.3.1.4). It is acceptable to assume that  is the same as the antenna directivity  during the transmitter ON power because the transmitter transient period can only be measured under this assumption.
[bookmark: _Toc535247001]9.5.2	OTA Transmitter transient period
For OTA, the transmitter transient period is defined the sane as for the conducted case. That is, it is defined as the time period during which the transmitter is changing from the OFF period to the ON period or vice versa. The transmitter transient period is illustrated in Figure 9.5.2-1. The ON/OFF power levels are FFS
[image: ]is FFS
is FFS

Figure 9.5.2-1: Illustration of the relations of transmitter ON period, transmitter OFF period and transmitter transient period.
In E-UTRA BS, the transmitter transient period for both OFF to ON and ON to OFF are specified to be shorter than 17us.
For NR, since larger sub-carrier spacing are introduced, such as 30kHz, 60kHz and 120kHz, the length of symbol is reduced significantly. It means if the same transient period is kept and the same number of symbol is configured for gap period (GP), the cell coverage will be reduced and BS to BS distance without interference will also be reduced. This may bring the risk of introducing BS to BS interference in the network. Balance needs to be considered between transient period requirements and BS to BS interference in the network. So NR BS transient periods need to be optimized.
Based on the above argument, it is agreed to adopt shorter transient periods for NR BS than the values specified for E-UTRA BS by considering the capabilities of current hardware. A value of 10 µs is agreed and accepted for the transmitter transient periods for FR1 as specified in Table 9.5.3.2-1 of 3GPP TS 38.104 [3].
For FR2, a value of 3 µs is agreed for the transmitter transient period as specified in Table 9.5.3.3-1 of 3GPP TS 38.104 [3].
<End of modified section>

<Start of modified section>
12.6.3	Operating Band Unwanted Emissions (OBUE)
[bookmark: _Toc535247166]12.6.3.1	FR1
[bookmark: _Toc535247167]12.6.3.1.1	General
For the frequency range up to 4.2 GHz, the same MU values as for E-UTRA were adopted [9]. It is expected that the test chamber setup, calibration and measurement procedures for E-UTRA and NR will be highly similar. All uncertainty factors were judged to be the same.
For the frequency range 4.2 - 6 GHz, all MU factors, including instrumentation related MU were judged to be the same as for the 3 - 4.2 GHz range, and thus the total MU for 4.2 – 6 GHz is the same as for 3 - 4.2 GHz. This assessment was made under the assumption of testing BS designed for licensed spectrum; for unlicensed spectrum the MU may differ.
[bookmark: _Toc535247168]12.6.3.1.2	MU value
The MU value was agreed to be 1.4 dB for 0 – 3 GHz bands and 1.5 dB for 3 – 6 GHz bands. The MU in 4.2-6 GHz is valid for BS designed to operate in licensed spectrum.
[bookmark: _Toc535247169]12.6.3.1.3	TT value
The TT value was agreed to be the same as the MU value for 0-10MHz from the carrier and 0dB for >10MHz from the carrier.
[bookmark: _Toc535247170]12.6.3.2	FR2
[bookmark: _Toc535247171]12.6.3.2.1	General
The MU assessment was carried out using a CATR chamber only. However other chamber types are not precluded if suitable MU assessment is done.
[bookmark: _Toc535247172]12.6.3.2.2	MU assessment
[bookmark: _Toc535247173]12.6.3.2.2.1	CATR
A CATR MU budget was assessed in order to determine acceptable MU for the EIRP accuracy measurement in FR2. The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures. However, it is noted that in order to achieve the test instrument uncertainties that were assumed, calibration of the spectrum analyzer may be needed.
Table 12.6.3.2.2.1-1: Compact antenna test range uncertainty assessment for EIRP measurements for occupied bandwidth unwanted emissions
	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)(dB)
24.25<f
<29.5GHz
	Standard uncertainty ui (dB)(dB)
37<f
<40GHz

	Stage 2: DUT measurement

	E2-1
	Misalignment  DUT & pointing error
	0.3
	0.3
	Exp. normal
	2
	1 
	0,15
	0,15

	E2-2
	
RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0.9
	0.9
	 Gaussian
	1
	 1
	0,9
	0.9

	E2-3
	Standing wave between DUT and test range antenna
	0.03
	0.03
	U-shaped
	√2
	1 
	0,02
	0,02

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.01
	0.01
	Normal
	1
	1 
	0,01
	0,01

	E2-5
	QZ ripple with DUT
	0.0928
	0.0928
	Normal 
	1
	1
	0,4
	0.4

	E2-16
	Frequency flatness
	0.25
	0.25
	Normal
	1
	1
	0.25
	0.25

	Stage 1: Calibration measurement

	E2-6
	Network Analyzer
	0.2
	0.2
	Normal
	1
	1
	0,2
	0,2

	E2-7
	Uncertainty of return loss (S11) measurement of SGH and test receiver (VNA) ports
	0.72
	0.72
	U-shaped
	√2
	1 
	0,36
	0,36

	E2-8
	Insertion loss variation in receiver chain
	0.18
	0.18
	Rectangular
	√3
	1
	0
	0

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0.1
	0.1
	Normal
	1
	1 
	0,1
	0,1

	E2-9
	Influence of the calibration antenna feed cable
	0.00
	0.00
	U-shaped
	√2
	1
	0,00
	0,00

	E2-10
	SGH Calibration uncertainty
	0.5
	0.5
	Rectangular
	√3
	1
	0,29
	0,29

	E2-11
	Misalignment  positioning system
	0.2
	0.2
	Exp. normal 
	2
	1
	0
	0

	E2-1
	Misalignment  SGH and pointing error
	0
	0
	Exp. normal
	2
	1
	0
	0

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

	E2-3
	Standing wave between SGH and test range antenna
	0.03
	0.03
	U-shaped
	√2
	1 
	0,02
	0,02

	E2-5
	QZ ripple with SGH
	0.07
	0.07
	Normal
	1
	1
	0,07
	0,07

	E2-15
	Switching uncertainty
	0.1
	0.1
	Rectangular
	√3
	1
	0,06
	0,06

	Combined standard uncertainty (1σ) (dB)(dB)


	1.21
	1,21

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


	2.37
	2,37

	Note 1:	UID are referenced to TR 37.843 [9].



[bookmark: _Toc535247174]12.6.3.2.2.2	Summary
Based on the above evaluation and root sum square combining of the dB values for the MU and the SE (see subclause 12.10), the MU was decided to be 2.7 dB for the frequency range 24.25<f<29.5GHz and 2.7 dB for the frequency range 37<f<40GHz.
[bookmark: _Toc535247175]12.6.3.2.3	TT value
The TT value was agreed to be the same as the MU (2.7dB) for 0-10% of the BS channel bandwidth away from the carrier, and 0dB for >10% of BS channel bandwidth from the carrier.
12.6.4	Transmit ON/OFF power
12.6.4.1	General
The MU was carried out using a CATR chamber only. However, other chamber types are not precluded if suitable MU assessment is done.   
12.6.4.2	MU assessment
12.6.4.2.1	CATR
A CATR MU budget was assessed in order to determine acceptable MU for the transmit ON/OFF power measurement in FR2. The CATR test setup and calibration and measurement procedures for FR2 are expected to be similar to those of FR1, although the test chamber dimensions and associated MU values will scale due to the shorter wavelengths and larger relative array apertures.
From subclause 9.5.1.3, the TRP for the transmitter OFF power level is estimated from the measured EIRP value and the antenna directivity that is
	
 can be expressed as 
  	
where  is the EIRP level measured during transmitter ON power
		 is the TRP level measured during transmitter ON power, which could be the FR2 OTA BS output power or measured using the same TRP method as for FR2 OTA BS output power (see subclause 12.10 and 3GPP TS 38.141-2, Annex I for more details)
Rearranging the above equations, we get
 
From the above equation, most of the MU values for the relative EIRP term cancel out. However, there remain uncertainty errors explicitly due to the transmitter transient period measurement, which include limiter uncertainty owing to a limiter used to protect test equipment from high transmitter ON power levels. The per-point MU budget and TRP SE for  can be adopted from FR2 OTA BS output power (see subclause 12.6.1.2) since a similar TRP method is used for TRP measurements and the carrier frequency is the same for both test requirements. The per-point MU budget for transmitter ON/OFF power is shown in table 12.6.4.2.1-1, which is adopted from FR2 OTA BS output power in subclause 12.6.1.2 with the addition of the limiter uncertainty.   


Table 12.6.4.2.1-1: Compact antenna test range uncertainty assessment for EIRP measurements for transmitter ON/OFF power


	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)(dB)
24.25<f
<29.5GHz
	Standard uncertainty ui (dB)(dB)
37<f
<40GHz

	Stage 2: DUT measurement

	E2-1
	Misalignment  DUT & pointing error
	0,35
	0,35
	Exp. normal
	2
	1 
	0,174
	0,174

	E2-2
	
RF power measurement equipment (e.g. spectrum analyzer, power meter)
	0,9
	0,9
	 Gaussian
	1
	 1
	[0,9]
	[0,9]

	E2-3
	Standing wave between DUT and test range antenna
	0,03
	0,03
	U-shaped
	√2
	1 
	0,02
	0,02

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0,01
	0,01
	Normal
	1
	1 
	0,01
	0,01

	E2-5
	QZ ripple with DUT
	0,0928
	0,0928
	Normal 
	1
	1
	0,4
	0,4

	E2-16
	Frequency flatness
	0,25
	0,25
	Normal
	1
	1
	0,25
	0,25

	E2-YY
	Limiter uncertainty
	0,5
	0,5
	normal
	1
	1
	[0,5]
	[0,5]

	Stage 1: Calibration measurement

	E2-6
	Network Analyzer
	0,3
	0,3
	Normal
	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
	0

	E2-4
	RF leakage, test range antenna cable connector terminated.
	0,01
	0,01
	Normal
	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
	0,3
	0,3

	E2-11
	Misalignment  positioning system
	0,2
	0,2
	Exp. normal 
	2
	1
	0
	0

	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
	Normal
	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)(dB)


	1,27
	1,29

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


	[2,50]
	[2,52]

	Note 1:	UID are referenced to TR 37.843 [9].



[bookmark: _Toc535247152]12.6.4.2.1.1	Summary
Based on the above assessment, the total MU is computed as root sum square in decibel values of the per-point MU (in table 12.6.4.2.1-1) and TRP SE (which is 1,2 dB from subclause 12.10) as follows:
total MU =  = 2,8 dB, 	24,25 GHz < f ≤ 29,5 GHz
total MU =  = 2,8 dB, 	37 GHz < f ≤ 40 GHz
The total MU value was agreed to be [2,8] dB for 24,25 GHz < f ≤ 29,5 GHz and [2,8] dB for 37 GHz < f ≤ 40 GHz. 
[bookmark: _Toc535247147]12.6.1.1.3	TT value
[The TT value was agreed to be the same as the total MU value.]

<End of modified section>
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