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Introduction 
This contribution discusses a number of topics which should be considered when defining reference sensitivity for Band 20.  This is an update to [4] based on measured PA data and further analysis.
Discussion
Band 20 supports channel bandwidths of 5, 10, 15, and 20 MHz with an uplink band from 832 MHz to 862 MHz and a downlink band from 791 to 821 MHz.  
Because of the moderate duplex separation afforded, it has been shown [4] that reference sensitivity in Band 20, particularly for the 20 MHz channel bandwidth, will be degraded by uplink ACLR regrowth as well as spurious intermodulation products formed by counter-IM in the modulator and 3rd order non-linearity in the PA.  Additionally as shown in [6] and [7], other spurious intermodulation products formed by LO and image terms subjected to 5th order non-linearities in the PA can also lead to degraded reference sensitivity.  
To further study the effect of these impairments, we have obtained measured PA emissions data.  Because Band 20 components are not readily available, suitable replacements (for example, Band 5 PA’s) were substituted to provide a preview to expected behavior.  In many cases, the replacements will be very representative of Band 20 performance; for example, it is anticipated that Band 5 PA’s may be shared for use in Band 20.  In other cases, the replacements can only be approximations (for example, Band 20 specific duplexers are not readily available) and therefore, some uncertainty must be accounted for.  In total, data from 3 PA’s was collected for various UL RB configurations for 5, 10, 15, and 20 MHz channel bandwidths.  In each case, the output power was set to 27.5 dBm subject to MPR when appropriate.  The ACLR emissions measured over the receive bandwidth is reported in the following table.  The worst case ACLR emissions of the 3 PA’s measured is reported in the table below.  Furthermore, since these measurements were taken from a single device, a margin of 3dB is added to the measured emissions to account for production tolerances.  
	Channel BW (MHz)
	Num RB
	Pout (dBm)
	ACLR emissions (dBm/Hz)
	ACLR emissions with production margin (dBm/Hz)

	5
	25
	26.5
	-131.4
	-128.4

	10
	25
	26.5
	-128.5
	-125.5

	10
	20
	26.5
	-133.4
	-130.4

	15
	25
	26.5
	-125.3
	-122.3

	15
	20
	26.5
	-130.0
	-127.0

	15
	18
	26.5
	-131.6
	-128.6

	15
	16
	27.5
	-131.1
	-128.1

	20
	25
	26.5
	-121.5
	-118.5

	20
	20
	26.5
	-125.3
	-122.3

	20
	18
	27.5
	-125.1
	-122.1

	20
	16
	27.5
	-126.6
	-123.6


Table 1.  Measured PA ACLR emissions

In addition to the Tx ACLR emissions, we also include the effects of modulator counter-IM3 and 3rd order intermodulation in the PA for the 20 MHz bandwidth cases.  For the 20 MHz bandwidth, it was shown in [4] and [7] that counter-IM3 products can fall into the receive bandwidth.  Specifically, spurious byproducts of the 15 RB’s located at the lower edge of the uplink can reach the receive bandwidth since the location of the spurious product is given by -5fc as defined in [4].  For simplicity of analysis, we assume that the power associated with these 15 RB’s subject to counter-IM3 suppression and 3rd order intermodulation in the PA is spread across the receive bandwidth resulting in an increase of noise to the receiver.  The power sum of this noise term due to counter-IM3 with the ACLR emissions is suppressed by the duplexer isolation before reaching the receiver.  Interestingly, as only the lower 15 RB’s in the 20 MHz uplink channel are able to reach the receiver through counter-IM3, larger uplink allocations which spread their power beyond 15 RB’s may yield smaller counter-IM3 noise powers than an allocation which is 15 RB’s or smaller.  Of course, the larger allocations exhibit larger Tx ACLR noise terms so the overall affect of UL RB scaling is non-obvious.  A similar phenomenon was noted in [6] and [7] as well.  Because reference sensitivity must be met for all UL RB configurations equal to or smaller than the specified UL configuration, the implication is that the worst case noise term over all UL configurations equal to or smaller than the specified UL configuration should be used in the analysis.
Given the noise contributions due to Tx ACLR and counter-IM3, we then followed the analysis of [5] to determine the impact on reference sensitivity with a dual receiver architecture.  Note that in this analysis, we assume that the transceiver consists of only a single transmitter so that the secondary receiver benefits from an additional diversity coupling suppression of Tx noise than the primary receiver.  Additionally, we assume a MRC combiner algorithm in the receiver.  We have not considered the effects of LO and image, which would produce an additional noise term to the receiver.  The assumptions used in the analysis are summarized in the table below.
	Overall NF
	10 dB
	

	LNA NF
	3 dB
	

	Duplexer isolation
	45 dB
	

	Tx to Div Rx coupling loss
	10 dB
	

	Tx floor loss
	0.5 dB
	Inherent loss due to Tx noise floow

	Implementation loss
	2 dB
	Baseband losses due to timing, frequency errors, fixed point loss, etc.

	Combiner algorithm
	MRC
	Maximum ratio combining

	Combiner loss
	0.5 dB
	Loss in combiner gain due to imperfect calculation of gains

	Counter-IM3
	-60 dBc
	Counter-IM3 level present at input of PA



We present the results in two views corresponding to two alternatives in defining the reference sensitivity requirement in Band 20.  The first view as provided in Table 2 illustrates the need for controlling the uplink RB configuration.  For 5, 10, and 15 MHz channel bandwidths, the reference sensitivity can be met without the need for relaxation provided that the UL configuration is limited.  For 20 MHz channel bandwidth, controlling the uplink allocation by itself is not sufficient to meet reference sensitivity because of the counter-IM3 spurious components which land in the receive bandwidth.
	Channel BW (MHz)
	Num RB
	Margin

	5
	25
	0.9

	10
	25
	0.0

	10
	20
	1.4

	15
	25
	-1.3

	15
	20
	0.5

	15
	18
	1.0

	15
	16
	0.8

	20
	25
	-3.8

	20
	20
	-2.7

	20
	18
	-3.9

	20
	16
	-3.8


[bookmark: _Ref245097368]Table 2.  Margin to reference sensitivity and required relaxation.
According to these results, we propose the following uplink configuration for reference sensitivity in Band 20.
	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

	20
	-
	-
	[25] 
	[20] 
	[18] 
	[20] 
	FDD



The proposed UL configuration agrees very closely with that predicted by the empirical formula presented in [4], with the exception of the 20 MHz bandwidth which is complicated by noise contributions due to counter-IM3 products.
We further propose a sensitivity relaxation of 4dB for the 20 MHz channel bandwidth.  This amount of relaxation provides sufficient margin for all UL RB configurations of 20 RB’s and smaller.  Proposed reference sensitivity values for Band 20 are provided in the table below.
	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

	20
	-
	-
	[-97]
	 [-94]
	[-92.2] 
	[-87] 
	FDD



A second view is in terms of an A-MPR.  Instead of providing sensitivity relaxation, an alternative solution is to provide A-MPR for the 20 MHz bandwidth case.  By providing A-MPR, the power of the spurious products can be reduced as well as the power of the ACLR regrowth.
	Channel BW (MHz)
	Num RB
	A-MPR (dB)
	Margin

	20
	25
	1
	-2.3

	20
	20
	1
	-1.3

	20
	18
	1
	-2.3

	20
	16
	1
	-2.3

	20
	25
	2
	-0.9

	20
	20
	2
	-0.1

	20
	18
	2
	-1.0

	20
	16
	2
	-0.9

	20
	25
	3
	1.2

	20
	20
	3
	1.8

	20
	18
	3
	1.2

	20
	16
	3
	1.2


Table 3.  Margin to reference sensitivity with A-MPR.
For this alternative, we would propose that A-MPR ≤ 3dB be allowed when measuring reference sensitivity for the 20 MHz channel bandwidth case.
Conclusions
In this contribution, we have analyzed the effect of Tx ACLR regrowth and counter-IM3 intermodulation products on reference sensitivity in Band 20.  The analysis factors in measured PA regrowth data as well as the effect of counter-IM3 on the performance of a diversity receiver.  An uplink configuration of 25, 20, and 18 RB’s is proposed to limit the regrowth for 5, 10, and 15 MHz channel bandwidths.  For the case of the 20 MHz channel bandwidth, an uplink configuration of 20 RB’s is proposed in conjunction with a sensitivity relaxation of 4dB or an allowed A-MPR of 3dB.
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