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1
Introduction
This input gives the required changes needed in TS 36.101 in order to introduce the new European 700 SDL band (738-758 MHz) with B20 CA. In this document the European 700 SDL band will be called band “xy” until a band number has been assigned. 
2
UE filter combiner
The table below gives the spectrum situation for the European 700 SDL and the B20 CA.
Table 2-1: Inter-band CA
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_20-xy
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	
	EU700SDL
	N/A
	738 MHz
	–
	758 MHz
	


One of the important tasks for the CA combo and new band is the UE REFSENS and if the additional IL can follow the agreed framework for 2DL/1UL with low-low and high-high CA bands. To answer the question on REFSENS and deltaTib/deltaRib the following is investigated:
1) Calculate the filter relative BW and minimum DL-UL separation

2) Compare with other low-low CA combos already defined
3) Check the background on the CA framework for low-low combinations
4) Simulation results of filter-combiner for B20 + EU700SDL
5) Calculate if there is DESENSE from Tx spectral regrowth
2.1 Filter relative BW and DL-UL separation
The relative bandwidth of the European 700SDL band is 2.7% and B20 UL has a separation of 74 MHz between the UL and DL edges of these two bands. We know from already defined bands that:
· Acoustic filters can handle comfortably filtering for relative BWs from 1% to 4% (see e.g. Table 2-2)
· At 2 GHz SAW filter can handle sufficient isolation between two bands with > 50 dB for ETC and >20 MHz separation (see e.g. B2 or B3). At 1 GHz 10 MHz is sufficient to give 50 dB ISO over ETC (see e.g. B8 or B20).
For band separations larger than these filters should be able to reach cross-band ISO > 50 dB without higher additional IL as agreed in the low-low and high-high CA framework discussed in 2.3 below. These ISO is needed in order to avoid DESENSE due to Tx noise falling into the receiver.
2.2 Comparing with other low-low CA combos

Table 2.2 lists other low-low CA combos which follow the detlaTib = 0.5 dB and deltaRib = 0 dB framework. All have the relative BW and DL-UL edge separation which is possible comfortably with existing acoustic filter technology.
Table 2-2: Relative BW and minimum UL-DL separation between the two bands
	2DL/1UL CA combo
	Relative BW
	UL-to-DL edge separation between the two bands

	CA_20A-xyA (new EU SDL band)
	3.7% B20 & 2.7% (EU700SDL)
	74 MHz

	CA_5A-13A
	3% (B5) & 1.3% (B13)
	68 MHz

	CA_5A-29A (with B29 SDL band)
	3% (B5) & 1.5% (B29)
	96 MHz

	CA_ 18A-28A
	 1.8% (B18) & 4.2% (B28)
	27 MHz


2.3 Framework for low-low CA combinations and additional IL
The framework for 2DL/1UL with low-low and high-high CA combination was agreed in R4-146833 where it says:
· Low-Low band combination dTib = 0.5 dB for both bands and dRib = 0 dB for both bands
· Framework is valid for band combination that can be implemented at least with quadplexer, triplexer or a diplexer combining two duplex filters
The background of the framework can be found in R4-145843 and there we can find that the average of the agreed low-low CA combinations additional IL was about 0.5 dB with a deviation of  ± 0.2/0.3 dB.
With the framework in place we agreed on the minimum REFSENS performance value for such CA combos. For the B20 + EU700SDL se can expect that filters regarding IL and ISO to own and other bands shall be able to follow this by using usual acoustic filter. 
2.4 Simulation results for filter-combiner for B20 + 700SDL
We obtained simulation results for filter-combiner using FBAR technology for the B20 + EU700SDL. The results are attached to this document. 
[image: image1.emf]B28SDL_B20_multiple xing_Aug2015.pdf


From the results we can see that:

· B20 Tx/Rx additional IL over ETC is about 0.3 dB and 0 dB, respectively
· The EU700SDL IL over ETC is about 2 dB which is about the same as for Band 1 filters
· The ISO to own and other bands is > 50 dB

We note in the agreed low-low CA framework it says that the framework is valid if the combination can be implemented with existing filter technology. When it comes to FBAR some vendors have expressed concerns that:
· No low bands are using FBAR filters

· Size compared to SAW

· Cost compared to SAW
Checking on this with FBAR vendor we received the following information. Low band implementation using FBAR technology can be found for B13 and other examples are B8 and B26. At low frequency the area for SAW and FBAR filters is about the same with ~2mm2 and 2×1mm2 (separate die for FBAR Tx and Rx). The package heights for both technologies are typically < 1mm. We are aware that FBAR may not have the same price tag as SAW filters and one reason is that performance of FBAR are better. More general we must say that the price as with other products depends on quality and quantity. 
2.5 Max number of UL RBs and REFSSENS
First we can note that ΔRIB,c is not explicitly defined for SDL bands. For the new band the REFSENS has to be defined in conjunction with the aggregated band 20. In R4-104130
we we can find equations from Qualcomm for the maximum number of RBs and minimum duplex separation in order not to DESENSE the own receiver:
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For B20 the number of RBs for REFSENS testing is defined in Table 7.3.1-2 in TS 36.101. The equation can be also used in order to understand if Tx impairments due to spectral regrowth can cause REFSENS degradation to the aggregated band. We can calculate the minimum required duplex separation for the uplink configuration for reference sensitivity:
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For max 25 RBs as defined for B20 REFSENS test (see Table 2-5) we get a minimum duplex separation needed of 35.1MHz. B20 UL to the EU700SDL has a separation of 74MHz therefore we can conclude that possible Tx interference will not cause REFSENS degradation in the EU 700SDL band. 
Summing up the findings for the filter combiner

From the above it is save to conclude that the B20 + European 700 SDL band can follow the agreed rule for low-low band and therefore we suggest the following detlaTib and deltaRib values for this combo:

Table 2-3: ΔTIB,c (two bands)

	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_20A-xyA
	20
	

0.5


ΔRIB,c is not explicitly defined for SDL bands but there is no need to add such relaxation for B20 + 700SDL
The filter for the EU700SDL is relative straight forward and the separation to the B20 UL is sufficient, therefore we can base the EU700SDL REFSENS on the band 1 REFSENS values. The UE REFSENS for Band 20 + EU700SDL is specified in Table 2-4. The uplink test configuration is included in Table 2-5.

Table 2-4: Reference sensitivity QPSK PREFSENS
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_20A-xyA
	20
	
	
	-97
	-94
	-91.2
	-90
	FDD

	
	EU700SDL
	
	
	-100
	-97
	-95.2
	-94
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A in TS36.101.

NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 in TS36.101.

NOTE 3:
The signal power is specified per port


Table 2-5: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_20A-xyA
	20
	
	
	25 
	201
	202 
	202
	FDD

	
	EU700SDL
	
	
	N/A
	N/A
	N/A
	N/A
	

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission.

NOTE 2:
2 refers to Band 20; in the case of 15 MHz channel bandwidth, the UL resource blocks shall be located at RBstart 11 and in the case of 20 MHz.


3
UE emissions for co-existence
The UE coexistence table needs to be updated to include the new EU700SDL band. B28 can’t fulfill the -50 dBm/MHz for the EU700SDL as the bands are too close. The general spurious emissions limits as defined in TS 36.101 in Table 6.6.3.1-1 and Table 6.6.3.1-2 apply for > FOOB. 
Further tighter protection may be possible and shall be discussed.
The Table 6.6.3.2A-0: Requirements for dual-uplink inter-band carrier aggregation in TS 36.101 will need the same update to include the new EU700SDL band. 
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List of band specific issues for the European 700 Supplemental Downlink band (738-758 MHz)
-
General

-
Co-existence with other systems around/within the band

-
Co-existence with other 3GPP operating bands in Region 1

-
BS unwanted emission

-
Specific E-UTRA: Band 20 + EU700SDL band

-
UE REFSENS

-
UE MOP
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8
Study of E-UTRA specific issues
8.1 
UE MOP and REFSENS

The table below gives the spectrum situation for the European 700 SDL and the B20 CA.

Table 8.1-1: Inter-band CA
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_20-xy
	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	
	EU700SDL
	N/A
	738 MHz
	–
	758 MHz
	


One of the important tasks for the CA combo and new band is the UE REFSENS and if the additional IL can follow the agreed framework for 2DL/1UL with low-low and high-high CA bands. To answer the question on REFSENS and deltaTib/deltaRib the following is investigated:

1) Calculate the filter relative BW and minimum DL-UL separation

2) Compare with other low-low CA combos already defined

3) Check the background on the CA framework for low-low combinations

4) Simulation results of filter-combiner for B20 + EU700SDL

5) Calculate if there is DESENSE from Tx spectral regrowth

8.1.1 Filter relative BW and DL-UL separation

The relative bandwidth of the European 700SDL band is 2.7% and B20 UL has a separation of 74 MHz between the UL and DL edges of these two bands. We know from already defined bands that:
· Acoustic filters can handle comfortably filtering for relative BWs from 1% to 4% (see e.g. Table 8.1-2)

· At 2 GHz SAW filter can handle sufficient isolation between two bands with > 50 dB for ETC and >20 MHz separation (see e.g. B2 or B3). At 1 GHz 10 MHz is sufficient to give 50 dB ISO over ETC (see e.g. B8 or B20).

For band separations larger than these filters should be able to reach cross-band ISO > 50 dB without higher additional IL as agreed in the low-low and high-high CA framework discussed in 2.3 below. These ISO is needed in order to avoid DESENSE due to Tx noise falling into the receiver.

8.1.2 Comparing with other low-low CA combos

Table 8.1-2 lists other low-low CA combos which follow the detlaTib = 0.5 dB and deltaRib = 0 dB framework. All have the relative BW and DL-UL edge separation which is possible comfortably with existing acoustic filter technology.

Table 8.1-2: Relative BW and minimum UL-DL separation between the two bands
	2DL/1UL CA combo
	Relative BW
	UL-to-DL edge separation between the two bands

	CA_20A-xyA (new EU SDL band)
	3.7% B20 & 2.7% (EU700SDL)
	74 MHz

	CA_5A-13A
	3% (B5) & 1.3% (B13)
	68 MHz

	CA_5A-29A (with B29 SDL band)
	3% (B5) & 1.5% (B29)
	96 MHz

	CA_ 18A-28A
	 1.8% (B18) & 4.2% (B28)
	28 MHz


8.1.3 Framework for low-low CA combinations and additional IL
The framework for 2DL/1UL with low-low and high-high CA combination was agreed in R4-146833 where it says:
· Low-Low band combination dTib = 0.5 dB for both bands and dRib = 0 dB for both bands
· Framework is valid for band combination that can be implemented at least with quadplexer, triplexer or a diplexer combining two duplex filters
The background of the framework can be found in R4-145843 and there we can find that the average of the agreed low-low CA combinations additional IL was about 0.5 dB with a deviation of  ± 0.2/0.3 dB.

With the framework in place we agreed on the minimum REFSENS performance value for such CA combos. For the B20 + EU700SDL se can expect that filters regarding IL and ISO to own and other bands shall be able to follow this by using usual acoustic filter. 

8.1.4 Simulation results for filter-combiner for B20 + 700SDL
We obtained simulation results for filter-combiner using FBAR technology for the B20 + EU700SDL. The results are attached to this document. 
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From the results we can see that:

· B20 Tx/Rx additional IL over ETC is about 0.3 dB and 0 dB, respectively

· The EU700SDL IL over ETC is about 2 dB which is about the same as for Band 1 filters

· The ISO to own and other bands is > 50 dB

We note in the agreed low-low CA framework it says that the framework is valid if the combination can be implemented with existing filter technology. 

8.1.5 Max number of UL RBs and REFSSENS
First we can note that ΔRIB,c is not explicitly defined for SDL bands. For the new band the REFSENS has to be defined in conjunction with the aggregated band 20. In R4-104130
we we can find equations from Qualcomm for the maximum number of RBs and minimum duplex separation in order not to DESENSE the own receiver:
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For B20 the number of RBs for REFSENS testing is defined in Table 7.3.1-2 in TS 36.101. The equation can be also used in order to understand if Tx impairments due to spectral regrowth can cause REFSENS degradation to the aggregated band. We can calculate the minimum required duplex separation for the uplink configuration for reference sensitivity:
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For max 25 RBs as defined for B20 REFSENS test (see Table 2-5) we get a minimum duplex separation needed of 35.1MHz. B20 UL to the EU700SDL has a separation of 74MHz therefore we can conclude that possible Tx interference will not cause REFSENS degradation in the EU 700SDL band. 

Summing up the findings for the filter combiner

From the above it is save to conclude that the B20 + European 700 SDL band can follow the agreed rule for low-low band and therefore we suggest the following detlaTib and deltaRib values for this combo:

Table 8.1-3: ΔTIB,c (two bands)

	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_20A-xyA
	20
	

0.5


ΔRIB,c is not explicitly defined for SDL bands but there is no need to add such relaxation for B20 + 700SDL
The filter for the EU700SDL is relative straight forward and the separation to the B20 UL is sufficient, therefore we can base the EU700SDL REFSENS on the band 1 REFSENS values. The UE REFSENS for Band 20 + EU700SDL is specified in Table 2-4. The uplink test configuration is included in Table 2-5.

Table 8.1-4: Reference sensitivity QPSK PREFSENS
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_20A-xyA
	20
	
	
	-97
	-94
	-91.2
	-90
	FDD

	
	EU700SDL
	
	
	-100
	-97
	-95.2
	-94
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A in TS36.101.

NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 in TS36.101.

NOTE 3:
The signal power is specified per port


Table 8.1-5: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_20A-xyA
	20
	
	
	25 
	201
	202 
	202
	FDD

	
	EU700SDL
	
	
	N/A
	N/A
	N/A
	N/A
	

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission.

NOTE 2:
2 refers to Band 20; in the case of 15 MHz channel bandwidth, the UL resource blocks shall be located at RBstart 11 and in the case of 20 MHz.


 8.2
UE emissions for co-existence 

Table 8.2-1 contains the updates required in the additional spurious emissions for the UE co-existence table in TS 36.101. The “EU700SDL” will be replaced by the band number. There is no explicit protection in the Table 8.2-1 for the new band from B28 defined as the two bands are adjacent. The general spurious emissions limits as defined in TS 36.101 in Table 6.6.3.1-1 and Table 6.6.3.1-2 apply for > FOOB.
This clause specifies the requirements for the specified E-UTRA band, for coexistence with protected bands.
NOTE:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth defined for the protected band.

Table 8.2-1: Requirements

	E-UTRA Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	1
	E-UTRA Band 1, 5, 7, 8, 11, 18, 19, 20, 21, 22, 26, 27, 28, 31, 32, 38, 40, 41, 42, 43, 44, EU700SDL
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	Frequency range
	1880
	
	1895
	-40
	1
	15,27

	
	Frequency range
	1895
	
	1915
	-15.5
	5
	15, 26, 27

	
	Frequency range
	1915
	
	1920
	+1.6
	5
	15, 26, 27

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	15

	2
	E-UTRA Band 4, 5, 10, 12, 13, 14, 17, 23, 24, 26, 27, 28, 29, 30, 41, 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 2, 25
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	3
	E-UTRA Band 1, 5, 7, 8, 20, 26, 27, 28, 31, 32, 33, 34, 38, 39, 41, 43, 44, EU700SDL
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 11, 18, 19, 21
	FDL_low 
	- 
	FDL_high
	-50
	1
	13

	
	E-UTRA Band 22, 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	13

	4
	E-UTRA Band 2, 4, 5, 7, 10, 12, 13, 14, 17, 23, 24, 25, 26, 27, 28, 29, 30, 41, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	5
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 12, 13, 14, 17, 23, 24, 25, 28, 29, 30, 31,  38, 40, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 26
	859
	-
	869
	-27
	1
	

	6
	E-UTRA Band 1, 9, 11, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	875
	-37
	1
	

	
	Frequency range
	875
	-
	895
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1919.6
	-41
	0.3
	7

	
	
	1884.5
	-
	1915.7
	
	
	8

	7
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 12, 13, 14, 17, 20, 22, 27, 28, 29, 30, 31, 32, 33, 34, 40, 42, 43, EU700SDL
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	2570 
	- 
	2575
	+1.6
	5
	15, 21, 26

	
	Frequency range
	2575
	-
	2595
	-15.5
	5
	15, 21, 26

	
	Frequency range
	2595
	-
	2620
	-40
	1
	15, 21

	8
	E-UTRA Band 1, 20, 28, 31, 32, 33, 34, 38, 39, 40, EU700SDL
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA band 3
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	E-UTRA band 7
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 8
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 22, 41, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 11, 21
	FDL_low
	-
	FDL_high
	-50
	1
	23

	
	Frequency range
	860
	-
	890
	-40
	1
	15, 23

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8, 23

	9
	E-UTRA Band 1, 11, 18, 19, 21, 26, 28, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	
	Frequency range
	2545
	-
	2575
	-50
	1
	

	
	Frequency range
	2595
	-
	2645
	-50
	1
	

	10
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 26, 27, 28, 29, 30, 41, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 22, 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	11
	E-UTRA Band 1, 11, 18, 19, 21, 28, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	
	Frequency range
	2545
	-
	2575
	-50
	1
	

	
	Frequency range
	2595
	-
	2645
	-50
	1
	

	12
	E-UTRA Band 2, 5, 13, 14, 17, 23, 24, 25, 26, 27, 30, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 4, 10
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 12
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	13
	E-UTRA Band 2, 4, 5, 10, 12, 13, 17, 23, 25, 26, 27, 29, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	769
	-
	775
	-35
	0.00625
	15

	
	Frequency range
	799
	-
	805
	-35
	0.00625
	11, 15

	
	E-UTRA Band 14
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 24, 30
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	14
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 26, 27, 29, 30, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	769
	-
	775
	-35
	0.00625
	12, 15

	
	Frequency range
	799
	-
	805
	-35
	0.00625
	11, 12, 15

	17
	E-UTRA Band 2, 5, 13, 14, 17, 23, 24, 25, 26, 27, 30, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 4, 10
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 12
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	18
	E-UTRA Band 1, 11, 21, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	860
	-
	890
	-40
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	758
	-
	799
	-50
	1
	

	
	Frequency range
	799
	-
	803
	-40
	1
	15

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	
	Frequency range
	2545
	-
	2575
	-50
	1
	

	
	Frequency range
	2595
	-
	2645
	-50
	1
	

	19
	E-UTRA Band 1, 11, 21, 28, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	
	Frequency range
	2545
	-
	2575
	-50
	1
	

	
	Frequency range
	2595
	-
	2645
	-50
	1
	

	20
	E-UTRA Band 1, 3, 7, 8, 20, 22, 31, 32, 33, 34, 40, 43, EU700SDL
	FDL_low
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 20
	FDL_low
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 38, 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	
	Frequency range
	758
	-
	788
	-50
	1
	

	21
	E-UTRA Band 1, 18, 19, 28, 34
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	
	Frequency range
	2545
	-
	2575
	-50
	1
	

	
	Frequency range
	2595
	-
	2645
	-50
	1
	

	22
	E-UTRA Band 1, 3, 7, 8, 20, 26, 27, 28, 31, 32, 33, 34, 38, 39, 40, 43, EU700SDL
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	3510
	- 
	3525
	-40
	1
	15

	
	Frequency range
	3525
	- 
	3590
	-50
	1
	

	23
	E-UTRA Band 4, 5, 10, 12, 13, 14, 17, 23, 24, 26, 27, 29, 30, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	24
	E-UTRA Band 2, 4, 5, 10, 12, 13, 14, 17, 23, 24, 25, 26, 29, 30, 41
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	25
	E-UTRA Band 4, 5, 10,12, 13, 14, 17, 23, 24, 26, 27, 28, 29, 30, 41, 42
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 2
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 25
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	
	E-UTRA Band 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	2

	26
	E-UTRA Band 1, 2, 3, 4, 5, 10, 11, 12, 13, 14, 17, 18,19, 21, 23, 24, 25, 26, 29, 30, 31, 34, 40, 42, 43
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 41
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	703
	-
	799
	-50
	1
	

	
	
	799
	-
	803
	-40
	1
	15

	
	Frequency range
	945
	-
	960
	-50
	1
	

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	27
	E-UTRA Band 1, 2, 3, 4, 5, 7, 10, 12, 13, 14, 17, 23, 25, 26, 27, 29, 30, 31, 38, 41, 42, 43
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	799
	-
	805
	-35
	0.00625
	

	
	E-UTRA Band 28
	
	
	
	
	
	

	
	
	FDL_low
	-
	790
	-50
	1
	

	28
	E-UTRA Band 2, 3, 5, 7, 8, 18, 19, 20, 25, 26, 27, 31, 34, 38, 41
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 1, 4, 10, 22, 42, 43
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	E-UTRA Band 11, 21
	FDL_low
	-
	FDL_high
	-50
	1
	19, 24

	
	E-UTRA Band 1
	FDL_low
	-
	FDL_high
	-50
	1
	19, 25

	
	Frequency range
	470
	-
	694
	-42
	8
	15, 35

	
	Frequency range
	470
	-
	710
	-26.2
	6
	34

	
	Frequency range
	758
	-
	773
	-32
	1
	15

	
	Frequency range
	773
	-
	803
	-50
	1
	

	
	Frequency range
	662
	-
	694
	-26.2
	6
	15

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8, 19

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	30
	E-UTRA Band 2, 4, 5, 7, 10, 12, 13, 14, 17, 23, 24, 25, 26, 27, 29, 30, 38, 41
	FDL_low
	-
	FDL_high
	-50
	1
	

	31
	E-UTRA Band 1, 5, 7, 8, 20, 22, 26, 27, 28, 31, 32, 33, 34, 38, 40, 42, 43, EU700SDL
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 3
	FDL_low
	-
	FDL_high
	-50
	1
	2

	…
	
	
	
	
	
	
	

	33
	E-UTRA Band 1, 7, 8, 20, 22, 28, 31, 32, 34, 38, 40, 42, 43, EU700SDL
	FDL_low 
	- 
	FDL_high
	-50
	1
	5

	
	E-UTRA Band 3
	FDL_low 
	- 
	FDL_high
	-50
	1
	15

	34
	E-UTRA Band 1, 3, 7, 8, 11, 18, 19, 20, 21, 22, 26, 28, 31, 32, 33, 38,39, 40, 41, 42, 43, 44, EU700SDL
	FDL_low 
	- 
	FDL_high
	-50
	1
	5

	
	Frequency range 
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	Frequency range
	1839.9
	-
	1879.9
	-50
	1
	

	35
	
	
	
	
	
	
	

	36
	
	
	
	
	
	
	

	37
	
	
	-
	
	
	
	

	38
	E-UTRA Band 1, 2, 3, 4, 5, 8, 10, 12, 13, 14, 17, 20, 22, 27, 28, 29, 30, 31, 32, 33, 34, 40, 42, 43, EU700SDL
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	2620
	- 
	2645
	-15.5
	5
	15, 22, 26

	
	Frequency range
	2645
	-
	2690
	-40
	1
	15, 22

	39
	E-UTRA Band 22, 34, 40, 41, 42, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	1805
	
	1855
	-40
	1
	32

	
	Frequency range
	1855
	
	1875
	-15.5
	5
	15,26,32

	
	Frequency range
	1875
	
	1880
	-15.5
	5
	15,26,33

	40
	E-UTRA Band 1, 3, 5, 7, 8, 20, 22, 26, 27, 28, 31, 32, 33, 34, 38, 39, 41, 42, 43, 44, EU700SDL 
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	41
	E-UTRA Band 1, 2, 3, 4, 5, 8, 10, 12, 13 , 14, 17, 23, 24, 25, 26, 27, 28, 29, 30, 34, 39, 40, 42, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 9, 11, 18, 19, 21
	FDL_low
	-
	FDL_high
	-50
	1
	30

	
	Frequency range
	1839.9
	
	1879.9
	-50
	1
	30

	
	Frequency range
	1884.5
	
	1915.7
	-41
	0.3
	8, 30

	42
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 20, 25, 26, 27, 28, 31, 32, 33, 34, 38, 40, 41, 44, EU700SDL

	FDL_low 
	- 
	FDL_high
	-50
	1
	

	43
	E-UTRA Band 1, 2, 3, 4, 5, 7, 8, 10, 20, 25, 26, 27, 28, 31,32, 33, 34, 38, 40, EU700SDL
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA Band 22
	FDL_low 
	- 
	FDL_high
	[-50]
	[1]
	3

	44
	E-UTRA Band 3, 5, 8, 34, 39, 41
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 1, 40, 42
	FDL_low
	-
	FDL_high
	-50
	1
	2

	NOTE 1:
FDL_low and FDL_high refer to each E-UTRA frequency band specified in Table 5.5-1

NOTE 2:
As exceptions, measurements with a level up to the applicable requirements defined in Table 6.6.3.1-2 are permitted for each assigned E-UTRA carrier used in the measurement due to 2nd, 3rd, 4th [or 5th] harmonic spurious emissions. Due to spreading of the harmonic emission the exception is also allowed for the first 1 MHz frequency range immediately outside the harmonic emission on both sides of the harmonic emission. This results in an overall exception interval centred at the harmonic emission of (2MHz + N x LCRB x 180kHz), where N is 2, 3, 4, [5] for the 2nd, 3rd, 4th [or 5th] harmonic respectively. The exception is allowed if the measurement bandwidth (MBW) totally or partially overlaps the overall exception interval.

NOTE 3:
To meet these requirements some restriction will be needed for either the operating band or protected band

NOTE 4:
N/A

NOTE 5:
For non synchronised TDD operation to meet these requirements some restriction will be needed for either the operating band or protected band

NOTE 6:
N/A

NOTE 7:
Applicable when co-existence with PHS system operating in 1884.5
-1919.6MHz. 

NOTE 8:
Applicable when co-existence with PHS system operating in 1884.5 -1915.7MHz.

NOTE 9:
N/A

NOTE 10:
N/A

NOTE 11:
Whether the applicable frequency range should be 793-805MHz instead of 799-805MHz is TBD 

NOTE 12:
The emissions measurement shall be sufficiently power averaged to ensure a standard deviation < 0.5 dB 

NOTE 13:
This requirement applies for 5, 10, 15 and 20 MHz E-UTRA channel bandwidth allocated within 1744.9MHz and 1784.9MHz.
NOTE 14:
N/A

NOTE 15:
These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 from the edge of the channel bandwidth.

NOTE 16:
N/A

NOTE 17:
N/A

NOTE 18:
N/A

NOTE 19:
Applicable when the assigned E-UTRA carrier is confined within 718 MHz and 748 MHz and when the channel bandwidth used is 5 or 10 MHz.

NOTE 20:
N/A

NOTE 21:
This requirement is applicable for any channel bandwidths within the range 2500 - 2570 MHz with the following restriction: for carriers of 15 MHz bandwidth when carrier centre frequency is within the range 2560.5 - 2562.5 MHz and for carriers of 20 MHz bandwidth when carrier centre frequency is within the range 2552 - 2560 MHz the requirement is applicable only for an uplink transmission bandwidth less than or equal to 54 RB.

NOTE 22:
This requirement is applicable for any channel bandwidths within the range 2570 - 2615 MHz with the following restriction: for carriers of 15 MHz bandwidth when carrier centre frequency is within the range 2605.5 - 2607.5 MHz and for carriers of 20 MHz bandwidth when carrier centre frequency is within the range 2597 - 2605 MHz the requirement is applicable only for an uplink transmission bandwidth less than or equal to 54 RB.
For carriers with channel bandwidth overlapping the frequency range 2615 - 2620 MHz the requirement applies with the maximum output power configured to +19 dBm in the IE P-Max.

NOTE 23:
This requirement is applicable only for the following cases:
- for carriers of 5 MHz channel bandwidth when carrier centre frequency (Fc) is within the range 902.5 MHz ≤ Fc <  907.5 MHz with an uplink transmission bandwidth less than or equal to 20 RB
- for carriers of 5 MHz channel bandwidth when carrier centre frequency (Fc) is within the range 907.5 MHz ≤ Fc ≤  912.5 MHz without any restriction on uplink transmission bandwidth.
- for carriers of 10 MHz channel bandwidth when carrier centre frequency (Fc) is Fc = 910 MHz with an uplink transmission bandwidth less than or equal to 32 RB with RBstart > 3.

NOTE 24:
As exceptions, measurements with a level up to the applicable requirement of -38 dBm/MHz is permitted for each assigned E-UTRA carrier used in the measurement due to 2nd harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1) for which the 2nd harmonic totally or partially overlaps the measurement bandwidth (MBW).
NOTE 25:
As exceptions, measurements with a level up to the applicable requirement of -36 dBm/MHz is permitted for each assigned E-UTRA carrier used in the measurement due to 3rd harmonic spurious emissions. An exception is allowed if there is at least one individual RB within the transmission bandwidth (see Figure 5.6-1) for which the 3rd harmonic totally or partially overlaps the measurement bandwidth (MBW).

NOTE 26: For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.

NOTE 27:
This requirement is applicable for any channel bandwidths within the range 1920 - 1980 MHz with the following restriction: for carriers of 15 MHz bandwidth when carrier centre frequency is within the range 1927.5 - 1929.5 MHz and for carriers of 20 MHz bandwidth when carrier centre frequency is within the range 1930 - 1938 MHz the requirement is applicable only for an uplink transmission bandwidth less than or equal to 54 RB.

NOTE 28:
N/A

NOTE 29:
N/A

NOTE 30:
This requirement applies when the E-UTRA carrier is confined within 2545-2575MHz or 2595-2645MHz and the channel bandwidth is 10 or 20 MHz

NOTE 31:
N/A

NOTE 32:
This requirement is applicable for an uplink transmission bandwidth less than or equal to [54 RB] for carriers of 15 MHz bandwidth when carrier center frequency is within the range 1887.5 - 1889.5 MHz and for carriers of 20 MHz bandwidth when carrier center frequency is within the range 1890 - 1898 MHz. 

NOTE 33:
This requirement is only applicable for carriers with bandwidth confined within 1885-1920 MHz (requirement for carriers with at least 1RB confined within 1880 - 1885 MHz is not specified). This requirement applies for an uplink transmission bandwidth less than or equal to [54 RB] for carriers of 15 MHz bandwidth when carrier center frequency is within the range 1892.5 - 1894.5 MHz and for carriers of 20 MHz bandwidth when carrier center frequency is within the range 1895 - 1903 MHz. 

NOTE 34:
This requirement is applicable for 5 and 10 MHz E-UTRA channel bandwidth allocated within 718-728MHz. For carriers of 10 MHz bandwidth, this requirement applies for an uplink transmission bandwidth less than or equal to 30 RB with RBstart > 1 and RBstart<48.

NOTE 35:
This requirement is applicable in the case of a 10 MHz E-UTRA carrier confined within 703 MHz and 733 MHz, otherwise the requirement of -25 dBm with a measurement bandwidth of 8 MHz applies.


8.3
Blocking characteristics
8.3.1
Minimum requirements for CA

For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band the in-band blocking requirements are defined with the uplink active on the band(s) other than the band whose downlink is being tested. 

Table 8.3.1-1: In-band blocking for additional operating bands for carrier aggregation

	E-UTRA band
	Parameter
	 Unit
	Case 1
	Case 2

	
	PInterferer
	 dBm
	-56
	-44

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&

=+BW/2 + FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&

≥+BW/2 + FIoffset,case 2

	29, 32, EU700SDL
	FInterferer
	MHz
	(NOTE 2)
	FDL_low – 15

to

FDL_high + 15

	NOTE 1:
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band 

NOTE 2:
For each carrier frequency the requirement is valid for two frequencies: 

a. the carrier frequency -BW/2 - FIoffset, case 1 and

b. the carrier frequency +BW/2 + FIoffset, case 1
NOTE 3:
FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 


----- End of TP -----
� EMBED Equation.3  ���
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Comments

This study shows a potential B20 — B28 SDL6 multiplexer based on present Avago FBAR capabilities.

The traces shown are linear simulations based on measured capabilities of Avago Technologies’ Film Bulk Acoustic Resonator (FBAR) filter
process. Linear simulations of the kind used in this study typically give a good indication of the bandwidth and roll off (rejection) that can be
achieved in physical filters. They do not capture coupling effects. The optimization targets used were chosen to investigate process capability.
While the results are not intended to generate a commercial product, many of the considerations that would influence a true commercial
design, such as limitation on component values to practical ranges for commercial products, were included in the design process.

The modeling is based on measured resonator performance, but does not take into account electromagnetic radiation effects.
The plots unless otherwise noted represent the performance of typical filters at room temperature (25C). This exercise is not intended to
describe over temperature performance in detail. However reading the plots 2 MHz outside the nominal frequency band corresponds fairly well

to extended temperature conditions (ETC) for -20 to +85 C.

These simulations are for informational purposes only and do not represent physical products. These simulations should not be taken as any
guarantee of absolute performance or of the availability of the designs shown herein.
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B20-B28SDL Triplexer: Band Pass
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B20-B28SDL Triplexer: Broadband
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B28SDL Insertion Loss
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Isolation, B20Rx and B28SDL to B20 Tx
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B26-B28SDL Triplexer: Return Loss
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Reference Duplexer (Same Technology): Band Pass
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B20 Tx Insertion Loss vs B20 Duplexer Only
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B20 Rx Insertion Loss vs B20 Duplexer Only
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