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Introduction
Reference sensitivity for bands n5 and n8 were derived in [1] based on measurements of excess transmitter noise for wide channels.  However, while the analysis considered the impact of spectral regrowth through the PA, the impact of transceiver spurious products was not included.  For 20 MHz channels in bands n5 and n8, the Tx-Rx separation is small enough such that counter-IM5 products can extend into the receive channel.  This contribution assesses the degradation caused by those spurious products and proposes a modification of reference sensitivity accordingly.
Discussion
The Tx-Rx separation is only 45 MHz for bands n5 and n8 while channel bandwidths up to 20 MHz are defined.  Reference sensitivity for these bands was derived based on values from LTE for Bands 5 and 8, but scaled according to slightly wider NR receiver bandwidths.  Moreover, it is observed in [1] that for wider bandwidths of 15 MHz and 20 MHz, not present for LTE, simple bandwidth scaling would not properly account for the excess noise produced by the uplink.  Measurements were provided in [1] to justify an additional relaxation to the reference sensitivity with the following assumptions
For each band of operation, the power amplifier (PA) under test and test waveforms are calibrated to deliver:
· 22 dBm at antenna connector using QPSK DFT-S-OFDM, which corresponds to 1dB MPR,
· 20 dBm at antenna connector using QPSK CP-OFDM, which corresponds to 3 dB MPR,
· PA is calibrated to deliver - 30 dBc ACLR using full allocation at 23 dBm output power (referred to the UE antenna connector),
· - 28 dBc image and carrier rejection.

However, the analysis did not include the impact of counter-IM5.  The counter-IM5 product extends 5 times the modulation frequency away from the Tx LO; for 20 MHz channels, this product extends into the receive channel thereby adding more noise.  Moreover, the analysis was based on limited data since unfortunately, only measurement data from a single company was available at the time.  Therefore, reference sensitivity especially for wider channels requires further consideration.  
MSD estimation
Instead of undertaking a direct analysis of MSD, it can be recognized that the reference sensitivity configuration for Band n5 and n8 is similar to that for Band n71.  
Table 5.2-1: NR operating bands in FR1
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high

	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n5
	824 MHz – 849 MHz
	869 MHz – 894 MHz
	FDD

	n8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	FDD

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD



Table 5.3.5-1 Channel bandwidths for each NR band
	
	NR band / SCS / UE Channel bandwidth

	NR Band
	SCS
kHz
	5 MHz
	101,2 MHz
	152 MHz
	202 MHz
	252 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	904 MHz
	100 MHz

	n5
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n8
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	

	n71
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	



Table 5.4.4-1: Default UE TX-RX frequency separation
	NR Operating Band
	TX – RX 
carrier centre frequency
separation

	n5
	45 MHz

	n8
	45 MHz

	n71
	-46 MHz



In the above tables extracted from the 38.101-1 specification, it can be seen that all three bands are sub-1 GHz low frequency bands with 25 MHz and 35 MHz passband bandwidths.  All three bands support the same SCS and channel bandwidths and share very nearly the same magnitude Tx-Rx separation of 45 MHz and 46 MHz.
When reference sensitivity was agreed for Band n71, it was based on the work done for LTE Band 71 [2].  Since LTE Band 71 already supports up to 20 MHz, the degradations related to PA regrowth noise, baseband and transceiver spurious products were already taken into consideration.  The analysis in [2] rescaled the noise component due to the wider bandwidth and smaller edge-to-edge separation from Tx to Rx for NR.  Moreover, the analysis for the LTE Band 71 reference sensitivity [3] was conducted by multiple companies so included multiple measurements and analyses from seven different companies (Samsung, Ericsson, Nokia, Qualcomm, Intel, Skyworks, Dish).  Thus, it can be reasoned that the Band 71 (and n71) reference sensitivity is more carefully considered across a broader range of inputs than was available for Band n5 and n8 where it has already been identified that some aspects were missed.  
[bookmark: _Hlk507958268]Table 7.3.2-1: Two antenna port reference sensitivity QPSK PREFSENS
	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

	n5
	15
	-98.0
	-94.8
	-93.0
	-90.8
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	-95.1
	-93.1
	-91.0
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n8
	15
	-97.0
	-93.8
	-92.0
	-90.0
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	-94.1
	-92.1
	-90.2
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n71
	15
	-97.2
	-94.0
	-91.6
	-86.0
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	-94.3
	-91.9
	-87.4
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	



Table 7.3.2-3: Uplink configuration for reference sensitivity
	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

	n5
	15
	25
	251
	251
	251
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	101
	101
	101 
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n8
	15
	25
	251
	251
	251
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	101
	101
	101
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n71
	15
	25
	251
	201
	201
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	121
	101
	101
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	



It can be seen in the existing reference sensitivity tables shown above that the noise figure assumption for Band n5 is 0.8 dB better than it is for Band n71.  Similarly, Band n8 shows at 0.2 dB worst noise figure assumption than Band n71.  It can also be seen that the uplink configuration for Band n5 and n8 differ from that for Band n71.  
It is proposed to align the Band n5 and n8 reference sensitivity requirements to be similar to Band n71, but maintaining the same offset in assumed noise figure.  The changes are shown below.

Table 7.3.2-1: Two antenna port reference sensitivity QPSK PREFSENS
	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

	n5
	15
	-98.0
	-94.8
	-93.0
	-90.886.8
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	-95.1
	-93.1
	-91.088.6
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n8
	15
	-97.0
	-93.8
	-92.091.4
	-90.085.8
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	-94.1
	-92.191.7
	-90.287.2
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n71
	15
	-97.2
	-94.0
	-91.6
	-86.0
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	-94.3
	-91.9
	-87.4
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	



Table 7.3.2-3: Uplink configuration for reference sensitivity
	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

	n5
	15
	25
	251
	251201
	251201
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	101121
	101
	101 
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n8
	15
	25
	251
	251201
	251201
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	101121
	101
	101
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	

	n71
	15
	25
	251
	201
	201
	
	
	
	
	
	
	
	
	FDD

	
	30
	
	121
	101
	101
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	
	
	




Conclusion
The reference sensitivity for wider channels in Band n5 and n8 has been found not properly take into account the baseband and transceiver degradations such as counter-IM5.  Moreover, the derivation of reference sensitivity for Band n5 and n8 was based on limited available data.  On the other hand, it is recognized that Band n5 and n8 share a similar band configuration as that of Band n71.  Band n71 had the benefit of a much more thorough study to derive its reference sensitivity with input from seven different companies.  It is therefore proposed to modify and correct the reference sensitivity for 15 MHz and 20 MHz channels in Band n5 and n8 to align with that of Band n71.  A CR is provided in [4].
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