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Introduction
Reference sensitivity for Band 74/n74 was derived based on Band 11 and Band 21.  However, for 20 MHz channels in Band 74/n74, the edge-to-edge separation between uplink and downlink channels is closer than observed in Band 11 and 21 so the effects of PA spectral regrowth and counter-IM5 can extend from the transmit channel to the receive channel degrading performance.  This was not observed in Band 11 and 21 since 20 MHz channels are not supported in those bands. 
Discussion
The Tx-Rx separation is only 48 MHz for Band 74/n74 while channel bandwidths up to 20 MHz are defined.  Reference sensitivity for Band 74/n74 was defined using Band 11 and Band 21 as a reference [1].  It has been defined with consideration for the narrow separation between Tx and Rx and the impact of transmit spectral regrowth on the receiver.  As such the uplink configuration for reference sensitivity is limited to 25 RB’s for 15 kHz SCS as shown below
Table 7.3.1-1: Reference sensitivity QPSK PREFSENS
	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	74
	-104.78
	-101.78
	-99.58
	-96.58
	-94.78
	-93.58
	FDD

	NOTE 8:	8 indicates that the requirement is modified by -0.5 dB when the assigned E-UTRA channel bandwidth is confined within 1475.9-1510.9 MHz.



Table 7.3.1-2: Uplink configuration for reference sensitivity
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	74
	6
	15
	25
	251
	251
	251
	FDD

	NOTE 1:	1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).



	Operating band / SCS / Channel bandwidth / Duplex-mode

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	40
MHz
(dBm)
	50
MHz
(dBm)
	60
MHz
(dBm)
	80
MHz
(dBm)
	90
MHz
(dBm)
	100 MHz
(dBm)
	Duplex Mode

	n74
	15
	-99.53
	-96.33
	-94.53
	-93.33
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	-96.63
	-94.63
	-93.53
	
	
	
	
	
	
	
	
	

	
	60
	
	-97.03
	-94.93
	-93.73
	
	
	
	
	
	
	
	
	

	NOTE 3:	The requirement is modified by -0.5 dB when the assigned NR channel bandwidth is confined within 1475.9 - 1510.9 MHz.



	Operating band / SCS / Channel bandwidth / Duplex mode

	Operating Band
	SCS kHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25 MHz
	30 MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	90
MHz
	100 MHz
	Duplex Mode

	n74
	15
	25
	251
	251
	251
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	101
	101
	101
	
	
	
	
	
	
	
	
	

	
	60
	
	51
	51
	51
	
	
	
	
	
	
	
	
	

	NOTE 1:	UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.3.2-1).



However, since channel bandwidths of 1.4 MHz, 3 MHz, and 20 MHz are not available in Band 11 and Band 21, specifications for those bandwidths were simply extrapolated (scaled) rather than independently studied for Band 74/n74.  
“For 20 MHz CBW, we propose a simple scaling method (i.e., -6 dB from that of 5 MHz CBW).” [1]
Unfortunately, a simple scaling does not properly account for the degradation due to excess PA spectral regrowth and spurious products such as counter-IM from the transmitter.  These terms do not extend into the receive band for 15 MHz and smaller bandwidths so were not observed in Band 11 and Band 21; however, they are present for 20 MHz channels in Band 74/n74.  Similar effects have been observed in other bands where MSD is defined for wider bandwidths suffering from this effect; for example, excess PA spectral regrowth noise was reported in [2] for Band n5 and Band n8 with similar Tx-Rx separation of 45 MHz.  While for Band 74/n74 the A-MPR available to protect EESS below the band will also help to mitigate the transmitter noise into the receiver as well as in to the EESS band, the A-MPR is only available when NS_38 is signaled and only applicable in a limited frequency range from 1430 – 1470 MHz uplink.  On the other hand, reference sensitivity is tested under NS_01 conditions where no A-MPR is available.  Therefore, it is necessary to correct the Band 74/n74 sensitivity requirement for 20 MHz channels to include MSD.
MSD estimation
The uplink configuration specified for 20 MHz channel reference sensitivity is 25 RB’s.  The edge-to-edge separation between the uplink and downlink channel normalized by the uplink configuration bandwidth is calculated to be 6.4; hence, it is expected that excess noise from PA spectral regrowth will fall into the receive channel.  In [2] and reproduced below highlighted in green it is shown that the noise at the PA output for 20 MHz channel with 25 RB uplink configuration with DFT-s-OFDM, 1 dB MPR, 4 dB post-PA loss, and 15 kHz SCS is -42.7 dBm.  However, the Tx-Rx separation for Band n5 and n8 is only 45 MHz, rather than the 48 MHz available in Band n74.  Therefore, the PA noise should be lower than -42.7 dBm for the Band n74 frequency offset from Tx to Rx.  Observing the measured data reported in [2] for 15 MHz channel bandwidth also using 25 RB’s uplink configuration, the noise is -50.3 dBm.  

Table 5: n5 Tx noise vs test waveforms and associated MSD
	RF parameter / Cell Bandwidth / Units

	
	10
	15
	20
	10
	15
	20
	Unit

	
	MHz
	MHz
	MHz
	MHz
	MHz
	MHz
	

	QPSK waveform type
	DFT-S-OFDM, SCS 15kHz
	CP-OFDM, SCS 15kHz
	

	TX noise at PA output
	-54.7
	-50.3
	-42.7
	-58.4
	-53.9
	-45
	[dBm]

	Tx Noise at LNA input
	-109.7
	-105.3
	-97.7
	-113.4
	-108.9
	-100
	[dBm]

	Tx Noise at antenna port
	-105.7
	-101.3
	-93.7
	-109.4
	-104.9
	-96
	[dBm]

	Max number of PRB
	52
	79
	106
	52
	79
	106
	 

	RX bandwidth (BW)
	9.36
	14.22
	19.08
	9.36
	14.22
	19.08
	[MHz]

	Thermal noise in Rx BW @ antenna port
	-104.3
	-102.5
	-101.2
	-104.3
	-102.5
	-101.2
	[dBm]

	n5 ref_sense (BW scaled) [1]
	-94.8
	-93
	-91.8
	-94.8
	-93
	-91.8
	[dBm]

	n5 noise floor @ antenna port
	-90.8
	-89
	-87.8
	-90.8
	-89
	-87.8
	[dBm]

	n5 composite noise @ antenna port
	-90.7
	-88.8
	-86.8
	-90.7
	-88.9
	-87.2
	[dBm]

	n5 de-sense
	0.1
	0.2
	1
	0.1
	0.1
	0.6
	[dB]



The noise values reported above are measured within the receive bandwidth of 19.08 MHz and 14.22 MHz.  To estimate the noise within a 20 MHz receive bandwidth at the n74 Tx-Rx offset, we normalize the above noise measurements to dBm per 20 MHz and linearly interpolate between them to estimate the noise level associated with Band n74 Tx-Rx separation of 48 MHz.  The result is -46.6 dBm at the PA output.  Assuming 50 dB isolation at Rx as reported in [1], the noise level at the LNA input is estimated to be -96.6 dBm.
A separate measurement was also conducted where it was found that the noise at the PA output was -45.5 dBm in 19.08 MHz at the receive band frequency.  This measurement indicates noise is approximately 1 dB higher than that estimated above, leading to -95.5 dBm at the LNA input after attenuation from the duplexer.
In addition to spectral regrowth, for the 20 MHz channel a spectral analysis reveals that the CIM5 product from the transmitter can extend into the receive channel.  For the MSD estimation, the following are assumed: CIM5 level of -70 dBc, Rx isolation of 50 dB and Tx isolation of 55 dB (from [1]), and noise figure of 9 dB at least over the frequency range 1475.9-1510.9 MHz, and 10 dB isolation from primary to diversity Rx paths.  
One challenge that arises is that the PA spectral regrowth is maximized at -95.5 dBm with 25 RB’s in the uplink.  However, the counter-IM5 product expands 5x so does not fully overlap the receive channel with 25 RB’s in the uplink.  Therefore, there is a fractional contribution to noise from PA spectral regrowth and from CIM5 depending on the bandwidth of the uplink configuration.  Broader uplinks exhibit a larger fraction of spectral regrowth noise while narrower uplinks exhibit a larger fraction of CIM5 noise.  However, the UE is required to meet the reference sensitivity specification for all valid uplink configurations less than or equal to the uplink configuration specified in the reference sensitivity definition; i.e., ≤ 25 RB’s in this case.  An example calculation is shown below (using -96.6 dBm PA regrowth)
[image: ]
The upper bound was calculated to be -90 dBm for 15 kHz SCS, while the lower bound was calculated to be -92 dBm with CIM5 noise only and -92.6 dBm with regrowth noise only over the frequency range 1475.9 – 1510.9 MHz.  It is proposed to use the upper bound of -90 dBm as the specification since the requirement must be valid for all uplink configurations.  Outside of this range, the reference sensitivity is 0.5 dB higher due to filter insertion loss according to Band 74/n74 specifications.  
The calculations assumed PA regrowth noise to be -96.6 dBm at the LNA input based on interpolation from data in [2].  However, when directly measured, it was discovered that the noise is approximately 1.1 dB higher.  The reference sensitivity values are impacted by 0.2 dB due to this increase in noise and are adjusted in the table below.
	Operating band / SCS / Channel bandwidth / Duplex-mode

	Operating Band
	SCS kHz
	5
MHz
(dBm)
	10
MHz
(dBm)
	15
MHz
(dBm)
	20
MHz
(dBm)
	25
MHz
(dBm)
	30 MHz (dBm)
	40
MHz
(dBm)
	50
MHz
(dBm)
	60
MHz
(dBm)
	80
MHz
(dBm)
	90
MHz
(dBm)
	100 MHz
(dBm)
	Duplex Mode

	n74
	15
	-99.53
	-96.33
	-94.53
	-89.33
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	-96.63
	-94.63
	-89.53
	
	
	
	
	
	
	
	
	

	
	60
	
	-97.03
	-94.93
	-89.63
	
	
	
	
	
	
	
	
	

	NOTE 3:	The requirement is modified by -0.5 dB when the assigned NR channel bandwidth is confined within 1475.9 - 1510.9 MHz.



Simply scaling of reference sensitivity between LTE and NR is not correct since the noise seen by the receiver consists not only of thermal noise which can scale with bandwidth, but also Tx PA noise and CIM5 noise which depend not only on bandwidth but also on Tx-Rx separation.  For LTE, the MSD calculation is similar to the calculation for NR as described above but the Rx bandwidth is 18 MHz and the Tx-Rx separation is also slightly different.  Taking these differences into account, the interpolated PA regrowth noise into 18 MHz Rx bandwidth is -98.3 dBm in the primary receive path.  The CIM5 is the same as for NR since it assumed that the entire CIM5 product falls within the receive bandwidth.  The reference sensitivity for 20 MHz LTE is then estimated to be -90.5 dBm inside the frequency range 1475.9 – 1510.9 MHz and -90 dBm outside of the frequency range.  The same adjustment of 0.2 dB due to higher PA regrowth noise is also applied.
Table 7.3.1-1: Reference sensitivity QPSK PREFSENS
	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	74
	-104.78
	-101.78
	-99.58
	-96.58
	-94.78
	-89.88
	FDD

	NOTE 8:	8 indicates that the requirement is modified by -0.5 dB when the assigned E-UTRA channel bandwidth is confined within 1475.9-1510.9 MHz.



Conclusion
Reference sensitivity for 20 MHz channels in Band 74/n74 has been re-evaluated to take into consideration the CIM5 spurious emission from the transmitter into the receiver.  This was overlooked in the original derivation of reference sensitivity since Band 11 and Band 21 served as the basis for Band 74/n74 reference sensitivity where 20 MHz channels are not supported and therefore this effect not observed.  Corrected reference sensitivity is provided for LTE and NR in [3] and [4].
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Reference signal -100

CBW 20

SCS 15

LTE or NR NR

Post PA loss 4

MPR 1

PA_out 26

4fmod -70

Duplexer Rx isolation 50

PRx/DRx isolation 10

Interference power at LNA input (PRx) -94

Interference power at LNA input (DRx) -104
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Rx bandwidth 19.08

Noise figure 9
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Total noise (PRx) -89.1361

Noise rise (PRx) 3.058113

Total noise (DRx) -91.7716

Noise rise (DRx) 0.422659


