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1. Introduction

Purpose of document is to provide measurement results for RX Blocking tests for legacy Band II UEs when Band 23 UE transmitter is present as per test methodology [4]. Legacy band receiving UEs are WCDMA Band 2 / GSM1900 capable UEs and interferer is LTE signal on Band 23 UL based on 3GPP release 10 draft. Also CDMA 2000 (1900) UE is used as additional reference to address possible concerns of 3GPP2.  All these devices are commercially available devices and from different vendors.
2. RF Measurements

This chapter describes the used test setup and parameters in more detailed level. Approach for measurements is presented in [4].
2.1 Equipment and Tools

Since Band 23 is yet to be included to 3GPP specification, conducted RF measurements can be done by using commercially available test equipments. We were using following setup for results introduced in this document.

Following configuration were used for testing:

· Signal generator as an interferer signal generator (CW, 2G, 3G and LTE signal capability)

· Rohde&Schwarz SMU200A 

· Radio Communication Tester as a cerving BS for WCDMA band 2 , GSM1900 and CDMA2000 (1900)

· Rohde&Schwarz CMU200 and Agilent 8960

· Spectrum analyzer for calibration and monitoring

· Rohde&Schwarz  FSQ26 

· RF notch/band reject filter for filtering interferer signal generator noise floor from 1900 band

· K&L 3TNS-00008

· Shielded box

2.2 Test conditions
2.2.1 Voltages

Test will be started with UEs fully charged own battery that has voltage of 4.2 V. Small battery voltage drop is possible during tests, but not essential from results point of view. This is in line with 3GPP specification TS 34.121-1, annex G, that defines nominal voltage for Li-ion battery cells; Vnominal = 3.7V x 1.1 = 4.07 V.

2.2.2 Temperature

Even though 3GPP defines full temperature range, these tests will be done, according to standard working procedure, at normal temperature, 25 degrees Celsius. 3GPP specification TS 34.121-1, annex G, defines normal conditions temperature 15 – 35 degrees Celsius and 25 degrees is right middle of defined nominal range. 

2.3 Tested Units

List of UE’s are presented in Annex 2. UEs are selected by trying to find popular legacy UEs that exists in use today in US. Typically phone+service contracts from operators are for 2 years so it could be assumed that typical UE lifetime is between 2 – 3 years. Keeping this in mind legacy UEs are selected to present mostly 2008 -2010 models. Also one 2004 model was selected to reflect the possible variation between device generations. These devices are going to be referenced as UEx in this document.
2.4 RF Measurement Setup

Measurement setup are described as a block level in Figure 1 below.  
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Figure 1. RX Band Blocking RF measurement setup

2.5 Setup calibration
Setup is calibrated by using signal analyzer to measure RF attenuation = loss from Termination point 1 -> termination point 2. Attenuation is documented in below Table 2.
Table 2. Attenuation table

	Termination 1
	Termination 2
	Loss @ 1960 MHz [dB]
	Loss @ 1990 MHz [dB]
	Loss @ 2000 MHz [dB]
	Loss @ 2010 MHz [dB]

	SMU200A
	UE
	N/A
	N/A
	8.1
	8.0

	CMU200 /A8960
	UE
	13.2
	12.7
	N/A
	N/A

 

	SMU200A
	CMU200 / A8960
	34
	55
	31
	33

	SMU200A
	FSQ26
	17.7
	41.2
	17.4
	17.4


2.6 Noise Level of Interfering Signal into the Victim Band

In this chapter total noise falling into victim band is analyzed. Due to Signal Analyzer dynamic limitation, total noise falling into victim band is calculated here by using measured noise level from SMU200A. Measurered notch filter attenuation is added to this value (Table 3). SMU200A noise level is measured 2 different power levels -44 dBm and -20 dBm. Pictures of SMU200 noise level and RF notch filter attenuations are presented in Figure 2, Figure 3 and Figure 4 below.
Table 3. SMU200 Noise level table
	LTE modulated signal
	SMU200A noise level [dBm]
	RF notch filter attenuation  1957,5-1962,5 MHz [dB], 
	RF notch filter attenuation  1985-1990 MHz [dB], 
	Total max Noise level @ Victim Band [dBm]

	
	
	
	
	

	SMU200A output level
	< -117 
	> 25
	> 25
	-142

	- 44 dBm
	(< -73 dBc)
	
	
	

	SMU200A output level
	< -93
	>25
	> 25
	-118

	- 20 dBm
	(< -73 dBc)
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Figure 2 SMU200 noise level
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Figure 3. RF notch filter RF performance (tuned for 1985-1990 MHz)
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Figure 4. RF notch filter RF performance (tuned for 1957,5-1962,5 MHz)

2.7 Test Procedure

Following test procedure is specified:

1. RF notch filter is tuned for correct frequency to block used channel noise from SMU200A (this is done when needed, used channel is changed)
2. UE under test is connected with cable to the test setup 
3. Call is established between UE and Serving BS (CMU200/A8960)
4. BS signal DL signal ch level is set to as specified in test case (-101,7 dBm/WCDMA II, -99 dBm/GSM1900, -101 dBm/CDMA2000)
5. Blocking signal is set in SMU200A as specified in test case table, initial blocking signal level of -44 dBm can be used for all systems 
6. Blocking signal level is raised by 1 dB steps until test fails (NOTE1)
NOTE1 : Interferer signal blocking level criteria is that BER shall not exceed the specified limit
· 0.001 for WCDMA

· 0.02 for GSM

· 0.01 for CDMA2000

2.8 RX Blocking measurement, WCDMA Band 2 / GSM1900 / CDMA2000 (1900) with LTE Band 23 blocker

RX blocking measurements are defined in references [1], [2] and [3] with modification that blocking signal is LTE Band 23 and blocker frequency is closer to wanted signal than specified. Basically part of the interferer signal frequencies fall into in-band blocking band. 3GPP defines in-band +/-15 MHz from band edge, 2010MHz is thus limit for in-band vs out-of-band.
In tests, wanted (victim) 
· WCDMA signal is at highest channel 9938 (1987,6 MHz) on WCDMA Band 2. As a reference mid channel 9800 (1960,0 MHz) is also measured. 
· GSM signal is at highest channel 810 (1989,8 MHz) on GSM1900. As a reference mid channel 661 (1960 MHz) is also measured.

· CDMA2000 signal is at highest channel 1175 (1988,75 MHz) on CDMA Band Class 1 (1900). As a reference mid channel 600 (1960 MHz) is also measured

1.4, 3, 5, 10 MHz LTE interferer signal BW’s will be tested.

2.8.1 GSM 1900 Blocking Results
	Wanted signal:
PCS 1900
	Blocking signal: LTE Band 23 Generator signal

	
	

	
	

	Channel number
(Freq [MHz])
	Signal level [dBm] Reference sensitivity level + 3dB
	BW [MHz]
	Mod'n
	RB allocation*
	Carrier freq [MHz]
	Actual Blocking level [dBm]**
UE3
	Actual Blocking level [dBm]**
UE2
	Actual Blocking level [dBm]**
UE1

	
	
	
	
	
	
	
	
	

	810 1989,8)***
	
	-
	-
	-
	-
	-106,5 ***
	-104,5 ***
	-104,0 ***

	
	
	
	
	
	
	
	
	

	810 (1989,8)
	-99
	CW
	N/A
	N/A
	2000,1
	-15
	-15
	-11

	810 (1989,8)
	-99
	1,4
	QPSK
	6
	2000,7
	-15
	-21
	-11

	810 (1989,8)
	-99
	3
	QPSK
	15
	2001,5
	-14
	-19
	-10

	810 (1989,8)
	-99
	5
	QPSK
	25
	2002,5
	-13
	-19
	-12

	810 (1989,8)
	-99
	10
	QPSK
	50
	2005
	-11
	-17
	-12

	810 (1989,8)
	-99
	10
	QPSK
	1 RB#0
	2005
	-20
	-24
	-17

	810 (1989,8)
	-99
	10
	QPSK
	1 RB#49
	2005
	-1
	-12
	-8

	
	
	
	
	
	
	
	
	

	810 (1989,8)
	-99
	CW
	N/A
	N/A
	2005
	-4
	-2
	2

	810 (1989,8)
	-99
	1,4
	QPSK
	6
	2005,7
	-4
	-8
	1

	810 (1989,8)
	-99
	3
	QPSK
	15
	2006,5
	-3
	-4
	1

	810 (1989,8)
	-99
	5
	QPSK
	25
	2007,5
	-1
	-5
	-2

	810 (1989,8)
	-99
	10
	QPSK
	50
	2010
	1
	-7
	-5

	
	
	
	
	
	
	
	
	

	810 (1989,8)
	-99
	1,4
	QPSK
	6
	2010,7
	8
	-10
	-4

	810 (1989,8)
	-99
	3
	QPSK
	15
	2011,5
	9
	-7
	-4

	810 (1989,8)
	-99
	5
	QPSK
	25
	2012,5
	8
	-7
	-5

	810 (1989,8)
	-99
	10
	QPSK
	50
	2015
	6
	-7
	-7

	
	
	
	
	
	
	
	
	

	661 (1960,0)
	-99
	CW
	N/A
	N/A
	2000,1
	-13
	-15
	- 

	661 (1960,0)
	-99
	1,4
	QPSK
	6
	2000,7
	-13
	-20
	- 

	661 (1960,0)
	-99
	10
	QPSK
	50
	2005
	-9
	-18
	- 

	*RB#0 (= L_CRB=1,  RB_Start=0), RB #max (= L_CRB=1,  RB_Start=MAX)

	** Interferer signal blocking level criteria is that BER shall not exceed 0,02 for the parameters used in the test case

	

	*** Actual sensitivity level without blocker (for reference)

	


2.8.2 WCDMA Band 2 Blocking Results
	Wanted signal: 
WCDMA Band 2
	Blocking signal: LTE Band 23 Generator signal

	
	

	
	

	Channel number
(Freq [MHz])
	Signal level (dBm/5 MHz)
	BW [MHz]
	Mod'n
	RB allocation*
	Carrier freq [MHz]
	Actual Blocking level [dBm]**
UE2

	
	
	
	
	
	
	

	9938(1987,6)***
	 
	-
	-
	-
	-
	-109,5 ***

	 
	 
	 
	 
	 
	 
	 

	9938 (1987,6)
	-101.7
	CW
	N/A
	N/A
	2000,1
	 -11

	9938 (1987,6)
	-101.7
	1,4
	QPSK
	6
	2000,7
	 -16

	9938 (1987,6)
	-101.7
	1,4
	QPSK
	1 RB#0
	2000,7
	 -14

	9938 (1987,6)
	-101.7
	1,4
	QPSK
	1 RB#5
	2000,7
	 -12

	9938 (1987,6)
	-101.7
	3
	QPSK
	15
	2001,5
	-17

	9938 (1987,6)
	-101.7
	3
	QPSK
	1 RB#0
	2001,5
	-14

	9938 (1987,6)
	-101.7
	3
	QPSK
	1 RB#14
	2001,5
	-9

	9938 (1987,6)
	-101.7
	5
	QPSK
	25
	2002,5
	-16

	9938 (1987,6)
	-101.7
	5
	QPSK
	1 RB#0
	2002,5
	-14

	9938 (1987,6)
	-101.7
	5
	QPSK
	1 RB#24
	2002,5
	-4

	9938 (1987,6)
	-101.7
	10
	QPSK
	50
	2005
	-14 

	9938 (1987,6)
	-101.7
	10
	QPSK
	1 RB#0
	2005
	-14

	9938 (1987,6)
	-101.7
	10
	QPSK
	1 RB#49
	2005
	-1 

	9938 (1987,6)
	-101.7
	10
	16QAM
	50
	2005
	-14

	9938 (1987,6)
	-101.7
	10
	16QAM
	1 RB#0
	2005
	-14

	 
	 
	 
	 
	 
	 
	 

	9938 (1987,6)
	-101.7
	CW
	N/A
	N/A
	2005,1
	1

	9938 (1987,6)
	-101.7
	1,4
	QPSK
	6
	2005,7
	-7

	9938 (1987,6)
	-101.7
	3
	QPSK
	15
	2006,5
	-6

	9938 (1987,6)
	-101.7
	5
	QPSK
	25
	2007,5
	-5

	9938 (1987,6)
	-101.7
	10
	QPSK
	50
	2010
	-3

	 
	 
	 
	 
	 
	 
	 

	9938 (1987,6)
	-101.7
	1,4
	QPSK
	6
	2010,7
	 9

	9938 (1987,6)
	-101.7
	3
	QPSK
	15
	2011,5
	 12

	9938 (1987,6)
	-101.7
	5
	QPSK
	25
	2012,5
	 > 12

	9938 (1987,6)
	-101.7
	10
	QPSK
	50
	2015
	 > 12

	 
	 
	 
	 
	 
	 
	 

	9800 (1960,0)
	-101.7
	CW
	N/A
	N/A
	2000,1
	-11

	9800 (1960,0)
	-101.7
	1,4
	QPSK
	6
	2000,7
	 -9

	9800 (1960,0)
	-101.7
	3
	QPSK
	15
	2001,5
	 -7

	9800 (1960,0)
	-101.7
	5
	QPSK
	25
	2002,5
	 -6

	9800 (1960,0)
	-101.7
	10
	QPSK
	50
	2005
	 -5

	*RB#0 (= L_CRB=1,  RB_Start=0), RB #max (= L_CRB=1,  RB_Start=MAX)

	** Interferer signal blocking level criteria is that BER shall not exceed 0,001 for the parameters used in the test case [2]

	

	*** Actual sensitivity level without blocker (for reference)


2.8.3 CDMA2000 US PCS Blocking results
	Wanted signal:
CDMA2000 Band Class 1 (1900)
	Blocking signal: LTE Band 23 Generator signal

	Spreading Rate 1
	

	Channel number
(Freq [MHz])
	Signal level [dBm] Reference sensitivity level + 3dB
	BW [MHz]
	Mod'n
	RB allocation*
	Carrier freq [MHz]
	Actual Blocking level [dBm]**
UE1
	Actual Blocking level [dBm]**
UE4

	
	
	
	
	
	
	
	

	1175 (1988,75)***
	 
	-
	-
	-
	-
	-110***
	-109***

	 
	 
	 
	 
	 
	 
	 
	 

	1175 (1988,75)
	-101
	CW
	N/A
	N/A
	2000,1
	-7
	 -6

	1175 (1988,75)
	-101
	1,4
	QPSK
	6
	2000,7
	-16
	 -15

	1175 (1988,75)
	-101
	3
	QPSK
	15
	2001,5
	-12
	 -14

	1175 (1988,75)
	-101
	5
	QPSK
	25
	2002,5
	-12
	 -15

	1175 (1988,75)
	-101
	10
	QPSK
	50
	2005
	-11
	 -13

	1175 (1988,75)
	-101
	10
	QPSK
	1 RB#0
	2005
	-17
	 -15

	1175 (1988,75)
	-101
	10
	QPSK
	1 RB#49
	2005
	0
	 -6

	 
	 
	 
	 
	 
	 
	 
	 

	1175 (1988,75)
	-101
	CW
	N/A
	N/A
	2005
	-3
	 -3

	1175 (1988,75)
	-101
	1,4
	QPSK
	6
	2005,7
	-11
	 -12

	1175 (1988,75)
	-101
	3
	QPSK
	15
	2006,5
	-7
	 -7

	1175 (1988,75)
	-101
	5
	QPSK
	25
	2007,5
	-6
	 -7

	1175 (1988,75)
	-101
	10
	QPSK
	50
	2010
	-3
	 -4

	 
	 
	 
	 
	 
	 
	 
	 

	1175 (1988,75)
	-101
	1,4
	QPSK
	6
	2010,7
	7 
	 6

	1175 (1988,75)
	-101
	3
	QPSK
	15
	2011,5
	9
	 9

	1175 (1988,75)
	-101
	5
	QPSK
	25
	2012,5
	> 12
	 > 12

	1175 (1988,75)
	-101
	10
	QPSK
	50
	2015
	> 12
	 > 12

	 
	 
	 
	 
	 
	 
	 
	 

	600 (1960,0)
	-101
	CW
	N/A
	N/A
	2000,1
	- 
	-4

	600 (1960,0)
	-101
	1,4
	QPSK
	6
	2000,7
	 - 
	-17

	600 (1960,0)
	-101
	10
	QPSK
	50
	2005
	 - 
	-14

	*RB#0 (= L_CRB=1,  RB_Start=0),  RB #max (= L_CRB=1,  RB_Start=MAX)

	** Interferer signal blocking level criteria is that FER shall not exceed 0,01 for the parameters used in the test case

	

	*** Actual sensitivity level without blocker (for reference)

	


3. ConclusioN

Four commercial phones have been tested in this Band 23 LTE blocker evaluation test. 3 UE’s have been tested in GSM1900 victim band, 1 UE in WCDMA band 2 victim and 2 UE’s in CDMA2000 (1900) victim band. All tests are passed with typical marginal > 20 dB and worst case 11 dB. CW and LTE modulated interferer signal have been tested.

All phones were measured by connecting RF cable into available RF connector found from UEs. No pig tail RF cable soldering or any other possible destructive methods were used ( RF performance of the UEs are not affected by measurement preparations.
Maximum RF power from Band23 UE to 1900 band UE is calculated in below Table 4. 

( Max RF power is -35 dBm that is limit to be used to calculate marginal from measured UEs.


[image: image5]
Table 4 Blocking requirement calculation
On GSM1900 band there is at least 11 dB marginal (worst case) and typically marginal is > 20 dB, Figure 10 below.
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Figure 10. GSM1900 results.
On WCDMA band 2 there is at least 18 dB marginal (worst case) and typically marginal is > 20 dB, Figure 11 below.
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Figure 11.WCDMA band 2 results.

On CDMA2000 (1900) there is at least 18 dB marginal (worst case) and typically marginal is > 20 dB, Figure 12 below.
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Figure 12.CDMA2000 (1900) results.
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ANNEX 1 LTE modulated signal examples
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LTE signal, 1,4 MHz, 6 RB, -20 dBm (30 kHz RBW)
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LTE signal, 3 MHz, 15 RB’s, -20 dBm (30 kHz RBW)
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LTE signal, 5 MHz, 25 RB’s, -20 dBm (30 kHz RBW)
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LTE signal, 10 MHz, 50 RB’s, -20 dBm (30 kHz RBW)
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LTE signal, 10 MHz, 1 RB#0, -20 dBm (30 kHz RBW)
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LTE signal, 10 MHz, 1 RB#49, -20 dBm (30 kHz RBW)

ANNEX 2 List of used devices

	UE Manufacturer & Model Name
	UE reference
	Operating Bands Measured
	Comment

	Blackberry Bold 9650
	UE 1
	GSM1900, CDMA1900
	2010 UE with CDMA1900

	LG Vu
	UE 2
	GSM1900, WCDMA band 2
	2008 UE

	Motorola RAZR V3
	UE 3
	GSM1900
	2004 UE, presenting older 2G performance.

	HTC Verizon XV6900
	UE 4
	CDMA1900
	2008 UE with CDMA1900 
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