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1 Introduction
In [1] it is proposed to relax the reference sensitivity for the 1.4 and 3 MHz channels due to second-order non-linearity (IIP2) effects for certain allocations in the uplink.
The purpose of the REFSENS test is to verify the noise factor of the receiver. Included in the noise factor is the transmitter noise in the RX pass band due to the out-of-band emission (OOBE) from the TX signal suppressed by the TX duplex filter, and effects of the TX signal due to insufficient suppression of this blocker in the RX duplex filter and limited IIP2 (Input Intercept Point due to 2nd order nonlinearity) performance in the receiver chain. For EUTRA the latter is more difficult at small uplink allocations at high power spectral density and the smallest bandwidths are more sensitive. The interference product falls around the DC carrier with a spectrum width twice that of the uplink allocation, so the smallest EUTRA bandwidths could be prone. 
The REFSENS requirement is verified assuming that two-port diversity is used in a conductive test for type approval. In analyzing the impact of OOBE and IP2, diversity should therefore be considered and the coupling between the branches should represent the conditions applicable for a conductive test. In live operation the coupling (between antennas) can much lower albeit varying, but then one must also account for dynamic UL/DL allocations, FH and HARQ operation that mitigate desense. This is different from type approval.  
The existing REFSENS requirements in Table 7.3.1-1 of [2] for the smallest bandwidths with their minimum uplink allocations already require a certain IIP2 performance. One could also introduce an additional requirement on small allocations ≥1 PRB for IIP2 just as the MSD for the OOBE (Table 7.3.2-1) but this would not add anything if the current requirements are maintained.
We therefore propose not to relax the current REFSENS requirements for 1.4 MHz and 3 MHz to ascertain sufficient IIP2.
2 Noise factor, second-order nonlinearity and self-mixing
REFSENS is verified in a conductive test by using the maximum transmission configuration in the downlink and up to full allocation in the uplink with static allocations (FRC test). Sufficient IIP2 (in dBm and referred to the input port of the receiver) is key for a direct-conversion zero-intermediate frequency (ZIF) receiver, and accounts for effects at the RF and baseband that produce spurious products directly at DC, some of the mechanisms are
· second order distortion, produces a DC component,
· self-mixing, the TX signal leaking into the LO port of the RX mixer to produce down-conversion with itself to DC.
There are also other effects like cross-modulation arising from third-order distortion that are down-converted around DC. All of the above effects are referred to as IIP2. They involve the TX signal and the LO signal, which are many magnitudes stronger than the RX signal at REFSENS. The main point is that the effects can be reduced by reducing the level of the TX signal into the receiver chain or improving the IIP2 of the receive chain. In particular, the TX signal level is lower at the diversity port.
The interference IP2 product is centered on the DC carrier and has a spectral width twice that of the uplink signal. If the uplink allocation is large then the power spectral density of the IP2 product will be lower and the degradation of the SNR per subcarrier at the detector lower. For small allocations, only a subset of the downlink subcarrier (still around the DC) will exhibit a degraded SNR but to a larger degree. Given a fixed uplink allocation the larger bandwidths will be less affected due to interleaving of the coded blocks. 

For the maximum allocations per bandwidth and operating band (Table 7.3.1-2 in [2]) it is possible to meet the REFSENS requirements with a realistic IIP2 given the 2.5 dB implementation margin allowed on top of the noise factors of 9-12 dB for the various operating bands (see [3] for details). For small allocations, 1-2 PRB, some desense will occur for the smaller bandwidths, but separate test points for this are not needed if the proposal in [1] is not followed. This is discussed further below.   
We have hitherto only considered the main TX branch, the diversity branch will help reducing the impact of the IIP2 for the TX signal is weaker at this port and the spurious products weaker as explained above. The IIP2 performance may not be identical for the diversity branch and the RX filter rejection at the TX frequency may be smaller but the on-board coupling for a conductive test is larger than the mutual coupling between antennas.
3 Mitigation by the diversity receiver
The most likely architecture for Rel-8 is shown in Figure 2, and should be used for estimating the effects of limited IIP2; transmit antenna selection is also possible for Rel-8 and FDD, but will not utilise simultaneous uplink transmission, and using two TX for uplink channel sounding is only relevant for TDD.
For the 1 x 2 antenna performance requirements it has been assumed that MRC is used. For analysing the impact of desense one must account for the fact that the IP2 products and the OOBE are correlated at each port. The diversity gain is reduced but there will still be an improvement of the combined SNR if the interfering signal is significantly weaker at one of the ports, for then the MRC weights will amplify the contribution from this. If the interference component at the detector (BB) is attenuated by a constant c << 1, then the SNR is 
(3.1)
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where Vt is the power of the interference at the combiner and Vn is the noise power. The details are given in Annex A (this analysis also applies to the OOBE). If the onboard attenuation between the ports is large, then the TX signal will be attenuated at the RX port, the IP2 products produced by self-mixing and non-linearities reduced and thus resulting in a large c. However, the RX port may not have the same performance as the main branch so some caution is needed in the calculations. The desense estimated by (3.1) would be about 
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 lower than that obtained by considering the TX/RX port on its own, e.g. for an assumed coupling Lcpl = 10 dB we obtain a 7 dB lower desense estimate by assuming a diversity test measurement. 

[image: image3]
Figure 2: diversity receiver with one main TX/RX branch.
For large c exhibited for conductive tests it is therefore proposed to keep the current REFSENS requirement for “large” allocations and only allow a small degradation for 1-2 RB for the smallest bandwidths. This also requires a sufficiently high IIP2 of both branches (even if MPR is applied as allowed).
For some bandwidths and operating bands, a certain relaxation of the UE performance could be allowed when the transmission configuration is small as described in Section 2. The effect of the spurious products is largest when the uplink allocation is up to half of the maximum allocation so that the IP2 product falls entirely inside the RX bandwidth. Note that the total interference power of this constant for given IIP2 so the PSD and thus the effect is biggest at the smallest bandwidths. No relaxation is needed above 5 MHz bandwidth. Table 1 shows the maximum allocation for a possible REFSENS relaxation assuming a diversity type-approval measurement, and Table 2 the actual relaxation. The relaxation is also band-dependent since the attenuation at TX by the RX duplexer filter varies (IIP2 is also band- and bandwidth dependent). Note that the downlink allocation is still according to the existing DL RMC, i.e. the maximum transmission configuration is used per bandwidth.
Table 1: Maximum uplink configuration for reference sensitivity relaxation
	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

	2,3,4,5,8,12,13,14,17
	[3]
	[7]
	[12]
	n/a
	n/a
	n/a
	FDD

	
	
	
	
	
	
	
	

	Note 1:       Maximum number of UL  resources blocks allocated is less than the total resources blocks supported by the channel bandwidth


Table 2: Maximum Sensitivity Degradation for small uplink allocations

	Channel bandwidth

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

	2
	[2]
	[1]
	[n/a]
	n/a
	n/a
	n/a 
	FDD

	…
	
	…
	
	
	
	
	FDD

	8
	[3]
	…
	
	n/a
	
	
	FDD

	...
	
	
	
	
	
	
	

	Note:


        1.      The transmitter shall be set to maximum output power level with MPR applied and with the maximum transmission configuration (Table 5.5-1) allocated 



However, additional requirements as suggested in Tables 1 and 2 would not any more stringent IIP2 than that required to meet the current REFSENS requirements for operating bands supporting 1.4 and 3 MHz, they would merely introduce unnecessary test points and increase test time. One option is to introduce the tables above in the technical report TR 36.803 for information purposes.
Next we briefly consider the problem of characterising desense under live conditions, which is different from type approval of the noise factor (the REFSENS requirement).
4 Noise-factor test and live network operation

For the conductive tests (two matched cables attached to the input ports with antennas disabled), c = 10 dB has been used in earlier work on desense [3], but the coupling is usually smaller in practice. Under live conditions, however, the coupling can be as low as 6-10 dB due to coupling between the receiver antennas. However, the mutual coupling between the antennas is highly dependent on the device form factor and the impact of usage. Furthermore, the uplink and downlink allocations are not static like in the REFSENS test. 
In the live network HARQ will be used and will alleviate effect of desense, the uplink transmission not likely to be the same in subsequent retransmissions. PDCCH may be most sensitive of missed UL or DL grant, but also coded and low-code rate may be used at edge where REFSENS is relevant
The effects of mutual coupling could be addressed in a separate OTA test for diversity (with free-space conditions for simplicity).
5 Proposal
To address IIP2 performance in the receive chains it is proposed to
· Maintain the current REFSENS requirements for 1.4 and 3 MHz with appropriate uplink PRB allocations
· Not specify any additional relaxations for small uplink allocations
The first item is already covered in the conformance test specifications TS 36.521-1, specifying relaxations for small allocation would only increase test time and, in the short term, increase RAN4 workload (band- and operating-band dependent relaxations). The current REFSENS requirements are reproduced below for convenience.
7.3.1

Minimum requirements (QPSK) 

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A.3.2 with parameters specified in Table 7.3.1-1 and table 7.3.1-2
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

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

	2
	-104.2
	-100.2
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-103.2
	-99.2
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	FDD

	5
	-104.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	-
	-
	-100
	-97
	
	
	FDD

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

	8
	-103.2
	-99.2
	-97
	-94
	
	
	FDD

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

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

	11
	-
	-
	-98
	-95
	-93.2
	-92
	FDD

	12
	-103.2
	-99.2
	-97
	-94
	
	
	FDD

	13
	-103.2
	-99.2
	-97
	-94
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	[-103.2]
	-[99.2]
	[-97]
	[-94]
	
	
	FDD

	…
	
	
	
	
	
	
	

	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



Note 1: The relation to the received PSD is 
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 with NRB is the maximum transmission configuration according to Table 5.6-1.

Table 7.3.1-2 specifies the minimum number of allocated uplink resource blocks for which the reference receive sensitivity requirement must be met. 

Table 7.3.1-2: Maximum 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

	1
	-
	-
	25 
	50 
	75 
	100 
	FDD

	2
	6 
	15 
	25 
	50 
	501
	501
	FDD

	3
	6 
	15 
	25 
	50 
	501
	501
	FDD

	4
	6 
	15
	25 
	50 
	75 
	100 
	FDD

	5
	6 
	15 
	25 
	251
	-
	-
	FDD

	6
	-
	-
	25 
	251
	-
	-
	FDD

	7
	-
	-
	25 
	50 
	751
	751
	FDD

	8
	6 
	15
	25 
	251
	-
	-
	FDD

	9
	-
	-
	25 
	50 
	501
	501
	FDD

	10
	-
	-
	25 
	50 
	75 
	100 
	FDD

	11
	-
	-
	25 
	251
	251
	251
	FDD

	12
	6
	15
	201
	201
	
	
	FDD

	13
	6
	15
	201
	201
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	...
	
	
	
	
	
	
	

	17
	6
	15
	201
	201
	
	
	FDD

	…
	
	
	
	
	
	
	

	33
	-
	-
	25 
	50 
	75 
	100 
	TDD

	34
	-
	-
	25 
	50 
	75
	-
	TDD

	35
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	36
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	37
	-
	-
	25 
	50 
	75 
	100 
	TDD

	38
	-
	-
	25 
	50 
	-
	-
	TDD

	39
	
	
	25 
	50 
	75 
	100 
	TDD

	40
	
	
	
	50 
	75 
	100 
	TDD

	Note 1:       Maximum number of UL  resources blocks allocated is less than the total resources blocks supported by the channel bandwidth 
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Annex: MRC with correlated interference

In this annex we revisit the problem computing the desensitization with correlated interferers. The problem is the same for TX noise (OOBE) and the IIP2 product. 
The calculation of MSD with an excessive TX OOBE using a two-port test has been based on maximum ratio combining, see [4]. However, the standard results for MRC assume that the interferers on the two branches are uncorrelated. In the desensitization test the transmitter noise at the two branches is correlated, but attenuated at the RX-only port. In this case the standard combining weights for MRC are not optimal, other weights should be chosen to suppress the correlated terms that appear in addition to the uncorrelated noise.  

To show the effect of correlated interference we assume that the total signal is given by 
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where y is the total received signal (complex amplitude), ni the uncorrelated noise at branch i and t the transmit noise, attenuated by a factor c << 1 at the RX-only port. The first term represent the TX/RX port. Assuming that the receiver branches are using the weights gi  we have
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where E signifies expectation and V variance. We note that

(A.1)
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. Using the standard weights gi for MRC with the noise estimated per branch (disregarding the fact that the transmitter noise is correlated), 
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where  is an arbitrary constant, the right hand side of (A.1) would give a sum of SNRs per branch: the basis for the MSD calculation assuming two ports. (A.1) a reasonable approximation if c is small (much less than 0.1 say), and the transmitter noise
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 is of about the same order of magnitude as the receiver noise
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. This is not the case for the most difficult scenarios for wide bandwidths and small duplex gaps or with poor IIP2 performance, for which the standard weights are then not optimal.

If the transmitter noise dominates on both diversity branches, then
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 for we assume that
c << 1. The standard MRC weights now satisfy 
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 (the RX branch is amplified by a bigger MRC weight since a lower transmitter noise is experienced at this port). If we assume equal noise performance at both ports, 
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 and retaining the weights g2 on the left-hand side of (A.1) then
 
[image: image17.wmf]t

c

s

t

c

n

s

SNR

V

V

V

2

2

2

2

»

+

»

,
the which means that there is nevertheless a gain in the combined SNR compared to the case in which only the TX/RX port would be considered, where
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The key is the attenuation c, which implies that the RX branch is much less affected by the transmitter noise (the power of the desired signal is the same at both ports).

Note that c represents the resulting coupling at base-band referred to the receiver input port, which for our case in turn depends on the attenuation of the TX signal (e.g. by the duplexer) and the IIP2 performance of the two branches. The desense is the required change of input power to maintain the SNR with and without the transmit noise t,
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and
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which is about
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lower than the desense of the TX/RX branch considered on its own.
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