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1 Introduction
Several contributions have shown that blocking and intermodulation requirements in a UE receiver may have to be relaxed in the presence of a DC-HSUPA transmitter signal [1][2][3]. It was indicated in [1] that some of the blocking and intermodulation properties were degraded significantly for DC-HSUPA, and it was agreed to further study to what extent relaxations to the requirements could be introduced. A preliminary analysis was presented in [2], and is developed further in this contribution. 
2 General structure of additional requirements for DC-HSUPA
The blocking and intermodulation requirements are designed to capture different noise sources, most notably

1. Thermal noise,

2. Crossmodulation products between interferer(s) and own TX signal, and

3. TX noise falling into the RX band due to spectral regrowth. 

For different bands, and the different tests, the relative importance of these effects varies substantially. The thermal noise can be assumed to vary in accordance with the variation in the <REFSENS> values between different bands. The crossmodulation noise is more or less constant over different bands per test. The TX noise varies primarily with the duplex distance and the bandwidth of the TX signal. 
Up to Rel.8, the blocking and intermodulation requirements have assumed fixed powers on the interferers and the own TX signal, and the required received power on the wanted signal has been related to the <REFSENS> values. Taking this into consideration, it is difficult to design requirements in a similar fashion in presence of a DC-HSUPA TX signal. Thus it has been proposed in [3],[4],[5] to keep the power levels of the interferers and own TX signals defined in Rel.8, and define new explicit power levels (per band, per test) on the wanted signal. In this contribution, such power level values are proposed. 
3 Simulations

The following simulation parameters have been used in the simulations:
	Tx power @ antenna
	20 dBm

	Insertion loss
	4 dB

	Duplexer isolation at RX frequency
	45 dB

	Duplexer isolation at TX frequency
	50 dB

	RX IIP3
	-10 dBm


Table 1 Simulation parameters
The crossmodulation and TX noise variation across different bands using these simulation parameters are discussed in the following sections.

3.1 Crossmodulation noise

The crossmodulation noise for the different blocking and intermodulation tests were presented for band 2 in [2]. The main difference compared to Rel. 8 TX signal is that a larger portion of the intermodulation lands inside the receive band. As an example, the crossmodulation for the in-band blocking test is depicted in Figure 1. Plots can be found in the annex for the other tests. 
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Figure 1  Crossmodulation due to RX non-linearity with a linear and cubic term for the in-band blocking test case. DC-HSUPA TX signal in green, with the portion landing on the RX frequencies in red
The results for all bands and tests are presented in Table 2, with numbers rounded to the nearest integer. 
	Band
	In-band blocking [dBm]
	Narrow-band blocking [dBm]
	Intermodulation [dBm]
	Narrow-band intermodulation [dBm]

	1
	-99
	- 
	-90
	-

	2
	-99
	-89
	-90
	-70

	3
	-99
	-87
	-90
	-69

	4
	-99
	-89
	-90
	-70

	5
	-99
	-89
	-90
	-70

	6
	-99
	-
	-90
	-

	7
	-99
	-
	-90
	-

	8
	-99
	-87
	-90
	-69

	9
	-99
	-
	-90
	-

	10
	-99
	-89
	-90
	-70

	11
	-99
	-
	-90
	-

	12
	-99
	-87
	-90
	-69

	13
	-99
	-87
	-90
	-69

	14
	-99
	-87
	-90
	-69

	19
	-99
	-
	-90
	-

	21
	-99
	-
	-90
	-


Table 2  Crossmodulation noise at the LNA input per band per test

3.2 TX noise
The TX noise falling into the RX band mainly emanates from spectral regrowth from the PA, and it is only an issue for the bands with small duplex distance, up to 48 MHz. Simulated values of ACLR as a function of the duplex distance using the DC-HSUPA UL reference measurement proposed in [7] are shown in Figure 2 for 20 dBm TX power, assuming an insertion loss of 4 dB. The used PA model is based on measurements and tuned such that the overall ACLR towards an adjacent carrier is 33dB using a Rel.5 signal with CM=1.
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Figure 2  ACLR at closest RX carrier versus TX-RX separation with 20 dBm TX power using proposed DC-HSUPA reference measurement channel.
Using these ACLR values together with the insertion loss (4dB) and duplexer isolation (45 dB) gives rise to the TX noise per band shown in Table 3.
	Band
	TX noise [dBm]

	5
	-101

	6
	-101

	8
	-101

	11
	-104

	12
	-88

	13
	-90

	14
	-88

	19
	-101

	21
	-104


Table 3  TX noise values for different bands at 20 dBm TX power
4 Proposed requirements
Using the results above in combination with the thermal noise and required SNR, it is possible to derive required input levels to achieve 10% BLER for the DL measurement channel for DC-HSDPA. The SNR requirement for the DL measurement channel is -15.7 dB [3], and together with the <REFSENS> values per band, the corresponding noise level varies between -94.1 dBm and -97.1 dBm. The required input power levels to achieve 10 % BLER are summarized (per band, per test) in Table 4 below. The entries marked with a star corresponds to cases where the new required input level as calculated above is lower than the existing requirement, in which case the latter has been used. 
	Band
	In-band blocking [dBm]
	Narrow-band blocking [dBm]
	Intermodulation [dBm]
	Narrow-band intermodulation [dBm]

	1

	-110
	-
	-105
	-

	2

	-108*
	-103
	-105
	-86

	3

	-107*
	-102
	-104
	-85

	4

	-110
	-104
	-105
	-86

	5

	-108*
	-103
	-105
	-86

	6

	-110
	-
	-105
	-

	7

	-108*
	-
	-105
	-

	8

	-107*
	-102
	-104
	-85

	9

	-109
	-
	-105
	-

	10

	-110
	-104
	-105
	-86

	11

	-110
	-
	-105
	-

	12

	-102
	-100
	-101
	-85

	13

	-104
	-100
	-102
	-85

	14

	-102
	-100
	-101
	-85

	19

	-110
	-
	-105
	-

	21

	-110
	-
	-105
	-


Table 4  Required input power levels to achieve 10% BLER for the DL measurement channel using a DC-HSUPA TX signal. The stars indicate that Rel. 8 requirements have been used instead of calculated values from above.
It is proposed that these values are taken into consideration when the blocking and intermodulation requirements for DC-HSUPA TX signals are defined.
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Annex

A.1
In-band blocking

In-band blocking is currently specified for DC-HSDPA with the following parameters:
	Parameter
	Unit
	Level

	HS-PDSCH_Ec
	dBm/3.84 MHz
	<REFSENS>+3 dB

	Îor
	dBm/3.84 MHz
	<REFÎor> + 3 dB

	Iblocking mean power (modulated)
	dBm
	-56
	-44

	Fuw offset

(NOTE 4)
	
	=(10 MHz
	(-15 MHz

&

(15 MHz

	UE transmitted mean power
	dBm
	20 (for Power class 3 and 3bis)

18 (for Power class 4)
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A.2
Narrow-band blocking

Narrow-band blocking is currently specified for DC-HSDPA with the following parameters:

	Parameter
	Unit
	Band II, IV, V, X
	Band III, VIII, XII, XIII, XIV

	HS-PDSCH_Ec
	dBm/3.84 MHz
	<REFSENS> + 10 dB
	<REFSENS> + 10 dB

	Îor
	dBm/3.84 MHz
	<REFÎor> + 10 dB
	<REFÎor> + 10 dB

	Iblocking (GMSK) 
	dBm
	-57
	-56

	Fuw (offset) 

(NOTE 2)
	MHz
	(2.7
	(2.8

	UE transmitted mean power
	dBm
	20 (for Power class 3 and 3bis)

18 (for Power class 4)
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A.3
Intermodulation
Receive intermodulation is currently specified for DC-HSDPA with the following parameters:
	Parameter
	Unit
	Level

	HS-PDSCH_Ec
	dBm/3.84 MHz
	<REFSENS> +3 dB

	Îor
	dBm/3.84 MHz
	<REFÎor> +3 dB

	Iouw1 (CW)
	dBm
	-46

	Iouw2 mean power (modulated)
	dBm
	-46

	Fuw1 (offset)

(NOTE 2)
	MHz
	10
	-10

	Fuw2 (offset)

(NOTE 2)
	MHz
	20
	-20

	UE transmitted mean power
	dBm
	20 (for Power class 3 and 3bis)

18 (for Power class 4)
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A.4
Narrow-band intermodulation

Narrow-band intermodulation is currently specified for DC-HSDPA with the following parameters:

	Parameter
	Unit
	Band II, IV, V, X
	Band III, VIII, XII, XIII, XIV

	HS-PDSCH_Ec
	dBm/3.84 MHz
	<REFSENS>+ 10 dB
	<REFSENS>+ 10 dB

	Îor
	dBm/3.84 MHz
	<REFÎor> + 10 dB
	[<REFÎor> +10 dB

	Iouw1 (CW)
	dBm
	-44
	-43

	Iouw2 (GMSK)
	dBm
	-44
	-43

	Fuw1 (offset)

(NOTE 2)
	MHz
	3.5
	-3.5
	3.6
	-3.6

	Fuw2 (offset)

(NOTE 2)
	MHz
	5.9
	-5.9
	6.0
	-6.0

	UE transmitted mean power
	dBm
	20 (for Power class 3 and 3bis)

18 (for Power class 4)
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