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1 Introduction
This contribution we revisit the reference sensitivity requirement and the proposed changes for the 1.4 MHz bandwidth in [1], and also propose changes for the 3 MHz bandwidth to make the changes consistent. For 1.4 MHz, the corrections are made for bands 2, 3, 4 and 12, while the 3 MHz requirement is corrected bands 2, 3 and 12; the 3 MHz requirement for Band 4 was corrected already in the first round in [2]. 
2 Background
2.1 The 1.4 MHz bandwidth
First we briefly consider the impact of IIP2 on the smaller (1.4 MHz) bandwidth, i.e. self-mixing and effect of the 2nd order non-linearity. Comprehensive expositions of the IIP2 impact can be found in [2] and [3]. In [2] it was proposed that the Band 2 and 4 reference sensitivity is corrected by +1 dB assuming an IIP2 = 55 dBm. The sensitivity requirements for the 1.4 MHz bandwidth were subsequently corrected by +1 dB for all relevant operating bands, and by +0.5 dB for the 3 MHz bandwidth in Band 4. The IIP2 assumed is reasonable: higher values are certainly measured but one also needs to account for significant variations within a batch of UE(s) under test. The latter asks for a further correction, albeit minor, in order to avoid increasing the power consumption.

Other factors like insertion loss and duplexer isolation at the transmit frequency must also be accounted for when determining the second-order response. To keep the discussion generic we consider the standard formula for the intermodulation product due to the second-order non-linearity
(2.1)
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where Pin is the transmit power present at the input port and referred to the antenna input. The factor K represents the deviation from the result obtained in a standard two-tone test for deriving IIP2. From the second term on the right-hand side of (2.1), we see that a 1 dB degradation of the IIP2 performance, for example, results in a 1 dB higher IM2. The transmitter power in the first term is referred to the antenna input just like IIP2. This means that a 1 dB higher insertion loss between the antenna input and the input of the LNA results in a 2 dB higher response given a fixed specified value of the TX-RX isolation (the isolation is between the transmitter before the TX duplexer and the input of receiver after the RX duplexer). 
Bands 2 and 4

The correction of the reference sensitivity due to the second-order non-linearity effects depends on the ratio of the change of IM2 to the remaining noise contributions in the receiver chain, the lower the reference sensitivity the larger impact of a given IIP2/IM2 change. Just as pointed out in [2], Band 2 and Band 4 are the most difficult bands. To account for batch variations of IIP2 we propose to make a further +0.5 dB correction of the sensitivity for these bands: Band 4 has a 2 dB tighter reference sensitivity than Band 2, but the requisite IIP2 change is larger for Band 2 that has a smaller duplex spacing. Furthermore, the insertion loss from the antenna to the input of the LNA is higher for Band 2, and corrections of this loss within a batch of UE(s) is doubled due to the first factor in the first term of (2.1). Hence the increase of IM2 is higher for Band 2 than for Band 4, but the correction of its reference sensitivity (accounts for total noise) amounts to the same as Band 4 since the Band 2 minimum requirement is 2 dB higher; the remaining noise sources are larger. 
Band 3
Band 3 has a higher insertion loss than Band 4 just like Band 2, and the same +0.5 dB correction is proposed for the 1.4 MHz bandwidth in Band 3. There is a 1 dB difference in reference sensitivity between Band 3 and Band 2 so a given change of IM2 comes out smaller for Band 3, but the duplexer arrangement is more challenging for Band 3 with regard to insertion loss and TX-RX isolation. 
Bands 5 and 8
Band 5 and Band 8 has similar sensitivity requirements as Band 2 but smaller insertion loss in the receiver front-end that has a direct effect on the transmitter power at the receiver input and the 2nd order product. The correction already made following [2] is sufficient, and the performance can be maintained for the 1.4 MHz bandwidths in these bands in which future migration from legacy technologies in diverse frequency arrangements may be relevant.

Band 12
Band 12 is more challenging due to the narrow duplexer gap and the higher insertion loss implied. The insertion loss is higher and the isolation is higher as compared to bands 13, 14 and 17 assuming use of standard high-volume filter techniques. We therefore propose to make a further correction of +0.5 dB also for the 1.4 MHz this band, but leave Band 13, 14 and 17 as they are. 
2.2 The 3 MHz bandwidth
The effect of the IIP2 is lesser for the 3 MHz for the change of the IM3 is smaller in comparison to the remaining noise sources in the receiver. However, we still propose to make a +0.5 dB correction for Bands 2, 3 and 12 for the reasons explained above; this correction was only made for the 3 MHz bandwidth in Band 4 in the first round of changes following [2]. This makes the changes for both 1.4 MHz and 3 MHz consistent.
3 Proposal

We propose that 

· correct the 1.4 MHz reference sensitivity requirement by +0.5 dB for bands 2, 3, 4 and 12
· correct the 1.4 MHz reference sensitivity requirement by +0.5 dB for bands 2, 3 and 12.
The requirements for bands 5 and 8 are left unchanged. The proposed changes are also shown in Table 1 below. CR(s) are supplied in [4] and [5].
Table 1: Proposed changes of REFSENS

	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

	1
	-
	-
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	-
	-
	-100
	-97
	
	
	FDD

	7
	-
	-
	-98
	-95
	-93.2
	-92
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	9
	-
	-
	-99
	-96
	-94.2
	-93
	FDD

	10
	-
	-
	-100
	-97
	-95.2
	-94
	FDD

	11
	-
	-
	-100
	-97
	
	
	FDD

	12
	-101.7
	-98.7
	-97
	-94
	
	
	FDD

	13
	-
	-
	-97
	-94
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	-
	-
	-97
	-94
	
	
	FDD

	18
	-
	-
	-100
	 -97
	-95.2 
	-
	FDD

	19
	-
	-
	-100
	 -97
	-95.2 
	-
	FDD

	20
	
	
	
	
	
	
	

	21
	
	
	-100
	-97
	-95.2
	
	

	…
	
	
	
	
	
	
	

	33
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	34
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	35
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	36
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	37
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	38
	-
	-
	-100
	-97
	
	
	TDD

	39
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	40
	-
	-
	-100
	-97
	-95.2
	-94
	TDD

	Note 1:
The transmitter shall be set to maximum output power level (Table 7.3.1-2)
Note 2:
Reference measurement channel is A.3.2
Note 3:
The signal power is specified per port

Note 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level of Band 3 + 0.5 dB is applicable for band 9
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