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1. Introduction
Potential impact of PA emission depending on RB allocation were discussed in [1] in RAN4#82bis. In this contribution measured PA noise contribution in 20MHz receive channels including transceiver impairment is presented. Based on this value and agreed system assumptions, we present a proposal for the 20MHz REFSENS specification.
2. Discussion
2.1. Assumptions for 20MHz REFSENS Calculations
Based on contributions from different companies in RAN4#82bis meeting, the following measurement conditions and assumptions have been used. Although we see better duplexer and noise figure being feasible, we aligned our assumptions.
PA configuration: 20PRB UL allocated from PRB0, lowest channel (closest to Rx)

PA calibration criteria:

· 20PRB UL allocated from PRB0

· General SEM, General spurious emission requirement

· UTRA ACLR1 = 33dBc, UTRA ACLR2 = 36dBc, E-UTRA ACLR = 30dBc

TRX impairments:

· I/Q-Image and LO-leakage = 28dBc

· CIM3 = 60dBc, CIM5 = 70dBc

Front-end Assumptions: 

· Duplexer minimum performance : Tx-Rx filter isolation = Tx-Ant attenuation = 50 dB

· Post-PA losses = Pre-LNA (Main and Diversity) losses = 4dB
· Diversity antenna isolation = 10 dB

· Antenna referred Noise Figure = 12dB (accounting for the challenging Band71 Tx/Rx duplexing)

2.2. 20MHz BW PA Emissions in Receive Channel
Figure 1 shows the PA output spectrums for 20MHz channel 20RB transmit allocation as measured at the output of a low band PA; the input signal to the PA includes the transceiver impairments. Measurement is done at a frequency for which the PA has been designed for. The same performance can be expected in Band 71 once the PA is tuned for this band. In this case, the output power is limited to 29.5dBm by the SEM requirements as can be seen from the bottom plot in Figure 1 (Note that the mask needs to be offset by post-PA losses). At this power level there is still 3dB margin to the 33dBc UTRA1 ACLR specification.
Figure 2 shows the measured PA output noise in the receive channel at 46MHz offset integrated over 18MHz. Very low measurement noise floor is achieved by notching the transmitted carrier. The measured noise is -37.5dBm in 18MHz for 29.5dBm output power. If the transceiver impairments were not present, the measurement discussed in [1] was showing -40dBm in 18MHz for 29.5dBm output power. Noise was flat within the band, which is representative of a case with an optimum 20RB allocation.
Since the PA is pushed higher into compression than what it is designed for, the output and noise power needs to be corrected by 3.5dB accounting for 4dB post-PA losses and since the targeted antenna power should be 22dBm for 20RB allocation (1dB MPR). Thus the PA noise in RX channel for 26dBm output power used in the calculation should be -41dBm for the case with TRX impairment and -43.5dBm for the case without.
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Figure 1: 20MHz 20RB TX PA output spectrum measurements: ACLR (top) and SEM (bottom)
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Figure 2: Measured 20MHz RX channel PA output noise
Observation 1: 
· PA output noise in RX channel is -41dBm/18MHz for the case with TRX impairments

· PA output noise in RX channel is -43.5dBm/18MHz for the case without TRX impairments which is representative of a case with optimum 20RB allocation
2.3. 20MHz REFSENS Calculation
Table 1 provides post MRC calculation of 20MHz REFSENS in presence of transmitter IMD related noise for multiple scenarios:

· Baseline scenario: using agreed assumptions and transceiver impairments
· No TRX imp.: using agreed assumptions without transceiver impairments that can be considered equivalent to an optimum 20RB allocation on TX side

· Best: using TRX impairment but assuming better duplexer isolation and LNA input referred noise figure of 4dB that are easily achievable in state of the art PA/Duplexer/LNA RF front-end module.
Table 1: Post MRC REFSENS calculations

	scenario
	Baseline
	No TRX imp.
	Best

	antenna
	main
	div
	main
	div
	main
	div

	PA leakage in RX band 
	[dBm]
	-41.0
	na
	-43.5
	na
	-41.0
	na

	Duplexer rejection
	[dB]
	50
	na
	50
	na
	55
	na

	post PA IL
	[dB]
	4
	na
	4
	na
	4
	na

	antenna isolation
	[dB]
	na
	10
	na
	10
	na
	10

	pre LNA IL
	[dB]
	4
	4
	4
	4
	4
	4

	TX leakage at LNA input
	[dBm]
	-91
	-105
	-94
	-112
	-96
	-114

	BW
	[Hz]
	1.80E+07
	1.80E+07
	1.80E+07

	NF
	[dB]
	12.0
	12.0
	8.0

	noise floor at LNA
	[dBm]
	-93.4
	-93.4
	-93.4
	-93.4
	-97.4
	-97.4

	composite noise at LNA
	[dBm]
	-89.0
	-93.2
	-90.5
	-93.4
	-93.7
	-97.4

	de-sense
	[dB]
	4.40
	0.29
	2.98
	0.07
	3.79
	0.10

	after MRC uncor
	[dB]
	1.88
	1.29
	1.56

	after MRC cor
	[dB]
	2.61
	1.63
	1.99

	Refsens TX ON
	[dBm]
	-91.6
	-92.2
	-95.9

	Refsens TX OFF
	[dBm]
	-93.4
	-93.4
	-97.4

	Implementation margin
	[dB]
	2.0
	2.0
	2.0

	Refsens spec
	[dBm]
	-89.6
	-90.2
	-93.9


Observation 2: 20MHz REFSENS is:

· -89.6dBm for agreed assumptions

· -90.2dBm with best case 20RB TX allocation

· -93dBm with state of the art module implementation

Proposal: 20MHz Channel REFSENS specification is -89.6dBm
3. Conclusion

This contribution provides measured PA noise in 20MHz RX channel for Band 71 which is critical due to IMD5 products. Resulting REFSENS is calculated for different scenarios and a value is proposed for the specification using agreed assumptions.
Proposal: 20MHz Channel REFSENS specification is -89.6dBm
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