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1
Introduction
In RAN4 AH#2010-01, Rx core requirements were analyzed in the presence of DC-HSUPA transmission [1-4]. In [1], a potential methodology to establish the Rx core requirements was shown for in-band blocking, narrow-band blocking, intermodulation, narrow band intermodulation and ACS requirements. The cross modulation noise and Rx band noise were separately measured and combined for the requirements. In [2], measurement results for in-band blocking, narrow-band blocking, intermodulation and narrow band intermodulation were provided with a simplified measurement set-up. In [3], similar simulation results as [1] were provided without considering the Rx band noise. In [4], in-band blocking simulation results were shown.
In this contribution, we revisit our simulation set-up in [1] and provide updated results for the analysis of DC-HSUPA transmission impact on DC-HSDPA Rx core performance. Based on the analysis, the related requirements are also proposed.
2
Methodology
DC-HSDPA Rx core requirements in the presence of DC-HSUPA transmissions are analyzed via simulation. The cross modulation noise in the Rx band between the DC-HSUPA Tx signal and interfering signal(s) due to the nonlinearity of the LNA is measured, where the Rx band noise due to the spectral regrowth at the Tx PA is not incorporated. This is a reasonable assumption in most of the bands for which the Tx-Rx frequency separation is large. For those bands, in which the Tx-Rx frequency separation is small, the Rx band noise impacts on the carrier to noise ratio (C/N) in the receive chain depend on the level of transmit power of the UE and may not be negligible. However, in this contribution, based on the assumption of the use of A-MPR proposed in [7], the Rx band noise effect can be ignored.
General assumptions used in the simulation are following:
· Rx IIP3 = -10 dBm

· Duplexer isolation at Tx = 50 dB
· Tx insertion loss = 4 dB

· Rx insertion loss = 4 dB

· a3 for the 3rd order cross mod nonlinearity in the LNA = 1/(3*IIP3) = 10/3
· UE Tx power at the antenna port
· For bands V, VI, VIII, XIX: 15 dBm

· For bands XI, XXI: 14 dBm

· Elsewhere: 20 dBm [5]

· Required Geometry = -5.5 dB [6]
· Ioc = REFIor / Geometry

	Bands
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XIX
	XXI

	REFÎor
	-102.7
	-100.7
	-99.7
	-102.7
	-100.7
	-102.7
	-100.7
	-99.7
	-101.7
	-102.7
	-102.7
	-102.7
	-102.7

	Ioc
	-97.2
	-95.2
	-94.2
	-97.2
	-95.2
	-97.2
	-95.2
	-94.2
	-96.2
	-97.2
	-97.2
	-97.2
	-97.2


Assuming the A-MPR proposed in [7] (6.5 dB for bands V, VI, VIII, XIX and 7.5 dB for bands XI, XXI), UE Tx power has been changed to 15 dBm for bands V, VI, XIII, XIX and 14 dBm for bands XI, XXI respectively so that MPR and A-MPR do not affect the tests.
Assuming that the UE transmits at 20 dBm, for example, at the antenna port, the transmit power at the PA output is 24 dBm considering the Tx insertion loss of 4 dB. Then, the Tx signal at the LNA input becomes -26 dBm. Similarly the blocker signals at the antenna port will experience the Rx insertion loss of 4 dB when it reaches the LNA input.
Based on the level of cross modulation noise observed in the Rx band, total noise level is computed by combining the cross modulation noise and inherent Ioc. From the total noise level, the required received signal power is derived assuming the Geometry of -5.5 dB. The simulation set-up is shown in Figure 1. In simulation, the measurements at “Input”, “Output 3-rd order” and “Filtered Cross Mod” in Figure 1 will be observed.
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Figure 1. Simulation set-up to measure the cross modulation noise in the Rx band
3
In-band blocking performance
DC-HSDPA in-band blocking performance in the presence of DC-HSUPA transmissions is investigated. Assumptions, simulation results and derivation of the required received signal power < Îor> for in-band blocking are provided below. To establish the requirements, the maximum value has been taken between the required received signal powers from cross mod analysis and existing spec.
Assumptions
· Blocker = -56 dBm @ 10 MHz offset [5]
Simulation Results
· Cross mod noise in Rx band
· For bands V, VI, VIII, XIX: -109.2 dBm

· For bands XI, XXI: -111.2 dBm

· Elsewhere: -99.2 dBm (illustrated in Figure 2
)
· < Îor,xmod> for in-band blocking (= (Cross mod noise + Ioc) * Geometry)
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XIX
	XXI

	-100.5
	-99.2
	-98.5
	-100.5
	-100.5
	-102.4
	-99.2
	-99.5
	-99.9
	-100.5
	-102.5
	-102.4
	-102.5


Existing spec

· < Îor,spec> for in-band blocking (<REFÎor>+3 dB)
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XIX
	XXI

	-99.7
	-97.7
	-96.7
	-99.7
	 N/A
	N/A 
	-97.7
	N/A 
	-98.7
	-99.7
	N/A
	N/A 
	N/A 


Proposed Requirements
· < Îor> for in-band blocking (= MAX [<Îor,xmod>, <Îor,spec>])
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XIX
	XXI

	-99.7
	-97.7
	-96.7
	-99.7
	-100.5
	-102.4
	-97.7
	-99.5
	-98.7
	-99.7
	-102.5
	-102.4
	-102.5
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Figure 2. Cross modulation noise in Rx band for in-band blocking requirements
4
Narrow band blocking performance
DC-HSDPA narrow band blocking performance in the presence of DC-HSUPA transmissions is investigated. Assumptions, simulation results and derivation of the required received signal power < Îor> for narrow band blocking are provided below.
4.1
Bands II, IV, V, X
Assumptions

· GMSK blocker = -57 dBm @ 2.7 MHz offset [5]

Simulation Results
· Cross mod noise in Rx band
· For band V: -110.3 dBm

· Elsewhere: -100.3 dBm (illustrated in Figure 3)

· < Îor,xmod> for narrow-band blocking (= (Cross mod noise + Ioc) * Geometry)
	II
	IV
	V
	X

	-99.5
	-100.9
	-100.5
	-100.9


Existing spec

· < Îor,spec> for narrow-band blocking (<REFÎor>+10 dB)
	II
	IV
	V
	X

	-90.7
	-92.7
	N/A
	-92.7


Proposed Requirements
· < Îor> for narrow-band blocking (= MAX [<Îor,xmod>, <Îor,spec>])
	II
	IV
	V
	X

	-90.7
	-92.7
	-100.5
	-92.7
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Figure 3. Cross modulation noise in Rx band for narrow band blocking requirements for bands II, IV, V, X
4.2
Bands III, VIII
Assumptions

· GMSK blocker = -56 dBm @ 2.8 MHz offset [5]

Simulation Results
· Cross mod noise in Rx band

· For band VIII: -109.3 dBm

· For band III: -99.3 dBm (illustrated in Figure 4)
· < Îor,xmod> for narrow-band blocking (= (Cross mod noise + Ioc) * Geometry)
	III
	VIII

	-98.5
	-99.5


Existing spec

· < Îor,spec> for narrow-band blocking (<REFÎor>+10 dB)
	III
	VIII

	-89.7
	N/A


Proposed Requirements
· < Îor> for narrow-band blocking (= MAX [<Îor,xmod>, <Îor,spec>])
	III
	VIII

	-89.7
	-99.5
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Figure 4. Cross modulation noise in Rx band for narrow band blocking requirements for bands III, VIII
5
Intermodulation minimum performance
DC-HSDPA intermodulation minimum performance in the presence of DC-HSUPA transmissions is investigated. Assumptions, simulation results and derivation of the required received signal power < Îor> for intermodulation minimum performance are provided below.
Assumptions

· CW Blocker = -46 dBm @ 10 MHz offset [5]
· ACS blocker = -46 dBm @ 20 MHz offset [5]
Simulation Results
· Cross mod noise in Rx band

· For bands V, VI, VIII, XIX: -96.0 dBm

· For bands XI, XXI: -98.0 dBm

· Elsewhere: -86.0 dBm (illustrated in Figure 5)

· < Îor,xmod> for intermodulation (= (Cross mod noise + Ioc) * Geometry)
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XIX
	XXI

	-91.1
	-91
	-90.8
	-91.1
	-98
	-99
	-91
	-97.4
	-91.1
	-91.1
	-100
	-99
	-100


Existing spec

· < Îor,spec> for intermodulation (<REFÎor>+3 dB)
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XIX
	XXI

	-99.7
	-97.7
	-96.7
	-99.7
	 N/A
	N/A 
	-97.7
	N/A 
	-98.7
	-99.7
	N/A
	N/A 
	N/A 


Proposed Requirements
· < Îor> for intermodulation (= MAX [<Îor,xmod>, <Îor,spec>])
	I
	II
	III
	IV
	V
	VI
	VII
	VIII
	IX
	X
	XI
	XIX
	XXI

	-91.1
	-91
	-90.8
	-91.1
	-98
	-99
	-91
	-97.4
	-91.1
	-91.1
	-100
	-99
	-100
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Figure 5. Cross modulation noise in Rx band for intermodulation
6
Intermodulation narrow band performance
DC-HSDPA intermodulation narrow band performance in the presence of DC-HSUPA transmissions is investigated. Assumptions, simulation results and derivation of the required received signal power < Îor> for intermodulation narrow band requirements are provided below.

6.1
Bands II, IV, V, X
Assumptions

· CW blocker = -44 dBm @ 3.5 MHz offset [5]

· GMSK blocker = -44 dBm @ 5.9 MHz offset [5]

Simulation Results
· Cross mod noise in Rx band

· For band V: -92.6 dBm

· Elsewhere: -82.6 dBm (illustrated in Figure 6)

· < Îor,xmod> for narrow-band intermodulation (= (Cross mod noise + Ioc) * Geometry)
	II
	IV
	V
	X

	-87.8
	-87.9
	-96.1
	-87.9


Existing spec

· < Îor,spec> for narrow-band intermodulation (<REFÎor>+10 dB)
	II
	IV
	V
	X

	-90.7
	-92.7
	N/A
	-92.7


Proposed Requirements
· < Îor> for narrow-band intermodulation (= MAX [<Îor,xmod>, <Îor,spec>])
	II
	IV
	V
	X

	-87.8
	-87.9
	-96.1
	-87.9
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Figure 6. Cross modulation noise in Rx band for narrow band intermodulation requirements for bands II, IV, V, X
6.2
Bands III, VIII
Assumptions

· CW blocker = -43 dBm @ 3.6 MHz offset [5]

· GMSK blocker = -43 dBm @ 6.0 MHz offset [5]

Simulation Results
· Cross mod noise in Rx band
· For band VIII: -91.6 dBm

· For band III: -81.6 dBm (illustrated in Figure 7)
· < Îor,xmod> for narrow-band intermodulation (= (Cross mod noise + Ioc) * Geometry)
	III
	VIII

	-86.8
	-95.1


Existing spec

· < Îor,spec> for narrow-band intermodulation (<REFÎor>+10 dB)
	III
	VIII

	-89.7
	N/A


Proposed Requirements
· < Îor> for narrow-band intermodulation (= MAX [<Îor,xmod>, <Îor,spec>])
	III
	VIII

	-86.8
	-95.1
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Figure 7. Cross modulation noise in Rx band for narrow band intermodulation requirements for bands III, VIII
7
Conclusions
The analysis of DC-HSUPA transmission impact on DC-HSDPA Rx core requirements, including the in-band blocking, narrow band blocking, intermodulation and narrow band intermodulation requirements, was presented. Based on the analysis, the requirements were proposed. It was shown that intermodulation minimum performance and intermodulation narrow band performance requirements need relaxation from the existing specification.
8
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� Cross mod noise was measured assuming the Tx-Rx frequency separation is 45 MHz (band V). However, it can be generally used for all other bands, since the cross mod noise is independent of the Tx-Rx frequency separation.


	It should be noted that the results are shown in dBc/Hz. “Input” and “Output 3-rd order” are normalized by the peak of each. “Filtered Cross Mod” follows the normalization of “Output 3-rd order”.


	It also should be noted that the figure illustrates I measurement or Q measurement for simplicity, however the cross modulation noise was measured in time domain signals including I and Q.
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